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GENERAL INTRODUCTION 
Test weight, or bushel-weight, is a measure of grain quality for oat 
(Avena sativa L.). Test weight measures density of packing and Indicates 
the efficiency with which grain can be stored or transported. The feeding 
value of oats is also associated with test weight because protein content 
and nutritive value per unit volume of grain generally increase with test 
weight (Pomeranz et al., 1973; Crosbie et al., 1985). Growers prefer oat 
cultivars with high test weight because market value of oat grain is 
determined using grade designations based on this trait (Pomeranz et al., 
1979). Improvement of test weight is an objective common to most oat 
breeding programs (Youngs et al., 1982). 
There is considerable controversy as to the merit of test weight as 
an indicator of milling or feeding quality of oat grain. Millers are most 
interested in milling yield, or the weight of grain required to obtain ICQ 
kg of millable groats (Souza and Sorrells, 1988), Animal nutritionists 
often consider groat (caryopsis) percent to be the best measure of quality 
for oats used as animal feed (Crosbie et al., 1985). Test weight is 
considered a useful preliminary measure of quality by both millers and 
nutritionists, and will likely remain a universal indicator of grain 
quality because it is rapidly and inexpensively measured. Other traits 
often used to assess grain quality for oat include groat percent, kernel 
weight, percent of secondary and tertiary seeds, seed sizing spectra, and 
yield of millable groats. 
To efficiently develop oat cultivars with increased test weight, 
breeders need to understand the nature of inheritance of this trait. 
Previous studies (Pawlisch, 1959; Wesenberg and Shands, 1973; Branson, 
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1987; McFerson, 1987; Smith, 1988) have reported significant genetic 
variance, quantitative inheritance, and high heritability of test weight. 
Each of these studies evaluated one or few populations and represents a 
limited survey of oat germplasm. To obtain more broadly applicable 
information regarding inheritance of test weight of oat, I studied 
numerous populations of diverse genetic background. Simultaneous study of 
several populations provides "biological replications," which may 
adequately describe the range of inheritance patterns a breeder could 
encounter within his/her test weight improvement program. Oat genotypes 
included in this study were a sample of germplasm in common use or readily 
available to oat breeders. 
The broad objective of this study was'to investigate the inheritance 
of test weight in the context of its Implications to breeding programs. 
In a first experiment, variance components and heritability of test weight 
were estimated for 13 populations of random Fg-s obtained from bi-
parental matings. A second experiment utilized 24 oat genotypes, 
intermated following a Design II scheme, to investigate the relative 
importance of general and specific combining ability effects in 
determining test weight. Both experiments provided useful information 
regarding genetic associations, or correlation between test weight and 
other traits of agronomic importance. 
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REVIEW OF LITERATURE 
Test weight, or the weight per unit volume of grain, is a common 
measure of quality of oat (Pawlisch, 1959; Stuthman and Granger, 1977; 
Bhatty, 1989). Test weight measures packing density, which results from 
the combined effects of grain density and shape. Indirectly, test weight 
has been used as an Indicator of nutritional value (Yamazaki and Briggle, 
1969; Pomeranz et al., 1973), milling quality (Peek and Poehlman, 1949; 
Pomeranz et al., 1979), and cleanliness or disease status of oat grain. 
Whereas other traits, such as hull percent or seed sizing information, may 
be more precise measures of quality (Peek and Poehlman, 1949; Stuthman and 
Granger, 1977), test weight is easily measured and is universally 
considered a valuable preliminary Indicator of grain quality for oat 
(Bhatty, 1989). 
Factors Determining Test Weight 
Oat grain consists of two components, a groat (caryopsis), and a 
leafy "hull" which surrounds the groat and is comprised of the lemma and 
palea (Youngs et al., 1982). Youngs (1972) and Crosbie et al. (1985) 
independently determined that hulls typically constitute 1/3 to 1/4 of 
total grain weight of cultivated oat (A. sativa). The hull is of little 
nutritional value to non-ruminants (Stuthman and Granger, 1977; Crosbie et 
al., 1985) and must be removed prior to milling. Hulls affect test weight 
of oat grain because they are less dense than groats and because they 
interfere with efficient packing of the grain. Hull-less or "naked" oats 
are grown to a limited extent, but current cultivars are susceptible to 
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mechanical damage and disease infection during transport or storage 
(Bhatty, 1989). 
Murphy and Prey (1962) determined that groat weight varied as a 
function of groat length, width and density. They evaluated density of 15 
diverse oat strains and concluded that in the absence of disease, groat 
density of oats is virtually constant. Groat size was found to be 
sensitive to environmental conditions, with groat length being determined 
within 8 days following anthesls and groat width being determined during 3 
weeks after anthesls. 
Yamazaki and Briggle (1969), Ghaderi et al. (1971), and Brocklehurst 
(1977) concluded that environment significantly affects kernel density of 
soft winter wheat (Trlticum aestivum L.). Brocklehurst (1977) determined 
that stress prior to anthesls resulted in decreased number of florets, but 
that these florets would have increased number of endosperm cells per 
grain and thus would have increased final grain weight. He also found 
that the outer layer of endosperm cells are merlstematlc for 14 days 
following anthesls, and consequently, that kernel size and weight are 
limited by environmental conditions during that period. Yamazaki and 
Briggle (1969) noted that the rate and extent of kernel filling and drying 
are affected by environment. 
Murphy et al. (1940) assessed the effect of crown-rust (Puccinia 
coronata avenae Eriks) on test weight of oats. In a study of 442 oat 
varieties and selections grown at 3 locations in Iowa, they found 
correlations ranging from -0.58 to -0.74 (all significant at P<0.01) 
between crown rust severity and test weight. In the same study, a 
negative relationship was observed between stem lodging and test weight. 
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Test weight and groat percent are affected by the relative 
proportions of primary, secondary, and tertiary seeds of oat grain (Youngs 
and Shands, 1974; Takeda and Prey, 1980; Souza and Sorrells, 1988). 
Youngs and Shands (1974) found that groat weight was greatest for primary 
seed, but that groat percent increased between primary, secondary, and 
tertiary seeds. Takeda and Prey (1980) reported significant genetic 
variance and high heritability of tertiary seed set among 35 oat cultivars 
grown in Iowa. They also found a small negative correlation between 
primary and tertiary seed set. Breeding oat cultivars with increased 
tertiary seed production may result in increased test weight due to lower 
percentage of hull in the grain. Such improvement of test weight would be 
of no value to the oat milling Industry because secondary and tertiary 
seeds are discarded prior to milling (Peek and Poehlman, 1949). 
Inheritance of Test Weight of Oat 
Atkins and Murphy (1949) measured test weight and grain yield of bulk 
hybrid oat populations grown in replicated rod-rows during five 
consecutive years. Coefficients of correlation between generations grown 
in different years ranged from 0.20 to 0.76 for test weight. Generations 
correlated were all possible pair-wise combinations of P. through for 3 6 b 
distinct groups of bulk hybrids. Because correlation of test weight 
between successive generations was high, they concluded that evaluation of 
early generations should allow selection of hybrid populations likely to 
yield inbred lines with high test weight. 
Pawllsch (1959) studied the inheritance of test weight in two hybrid 
populations. Segregation of test weight values among 164 random P^ lines 
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from the mating of X436-8 x CI5190 conformed to a normal distribution with 
mean approximately equal to mid-parent value. He also reported strong 
correlation (0.44 to 0.91) of test weight between lines of various 
generations, and concluded that rank of lines over years and generations 
was relatively consistent. Herltablllty estimates ranged from 39 to 97%, 
when calculated by variance component methods, and from 18 to 54% when 
measured by regression of Fg on F^. Normal distribution was also observed 
for test weight of F^ lines derived from the mating of Cllntafe x Beedee. 
Heritability estimates for test weight In this second population ranged 
from 71 to 98%, when using variance components, and from 5 to 93% when 
calculated by regression. Pawlisch (1959) concluded that test weight of 
oat is quantitatively determined and that this trait is quite stably 
inherited between generations. 
Wesenberg and Shands (1973) evaluated test weight of random Fg and 
lines derived from three single-crosses involving four oat varieties. 
Frequency distributions for test weight appeared to be normal for all 
populations. Transgressive segregation for low test weight was observed 
in 4.8% of the lines, whereas only 0.1% (one line) was transgressive for 
high test weight. Variance component estimates of heritability of test 
weight ranged from 62 to 88% for the three populations. 
Branson (1987), McFerson (1987), and Smith (1988) estimated 
heritability of test weight in various broad-based oat populations 
undergoing recurrent selection for oil, protein, and test weight 
enhancement, respectively. Branson (1987) reported heritability values 
ranging from 72 to 80% for test weight in the first through third cycle 
populations of his program. Heritability of test weight ranged from 73 to 
7 
79% in three populations developed by McFerson. Smith (1988) reported 
heritabilities ranging from 61 to 70% for test weight in three 
populations. 
Correlation of Test Weight with Other Agronomic Traits 
Both positive and negative correlation has been reported between test 
weight and grain yield of oat. Murphy et al. (1940) measured phenotypic 
correlations ranging from 0.74 to 0.87 (all significant, P<0.01) in four 
experiments; Pawlisch (1959) reported phenotypic correlation of 0.57 and 
genotypic correlation of 0.47 among lines from a hybrid population; and 
Smith (1988) reported phenotypic correlation of 0.44 (significant, P<0.01) 
and genotypic correlation of 0.38 between test weight and grain yield in 
one oat population. Skrdla (1979) reported phenotypic correlation ranging 
from -0.06 (not significant, P<0.05) to 0.41 (significant, P<0.01) for oat 
populations undergoing mass selection for seed density; and Souza and 
Sorrells (1988) reported genotypic correlations of -0.22, -0.01, and 0.10 
between test weight and grain yield of populations undergoing mechanirsl 
mass selection for increased groat percentage. Negative phenotypic (-0.07 
to -0.30) and genotypic (-0.17 to -0.52) correlation between test weight 
and grain yield were reported by McFerson (1987) for three oat populations 
undergoing recurrent selection for increased protein yield. 
Test weight is positively correlated with seed weight (Skrdla, 1979; 
Pomeranz et al., 1979; McFerson, 1987; Souza and Sorrells, 1988) and with 
groat percent (Skrdla, 1979; Souza and Sorrells, 1988). Correlation 
between test weight and days to heading was found to be negative by Skrdla 
(1979), McFerson (1987), Smith (1988), and Souza and Sorrells (1988). 
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Murphy et al. (1940) and Pawlisch (1959) reported both positive and 
negative correlation for test weight with days to heading. The 
correlation between test weight and plant height apparently varies among 
oat populations and may be negative (Murphy et al., 1940; McFerson, 1987; 
Souza and Sorrells, 1988) or positive (Murphy et al., 1940; Pawlisch, 
1959; Skrdla, 1979; Smith. 1988). 
Studies of Gene Action in Oat 
Evidence of high-parent heterosis for grain yield was published in 
1930 by Coffman and Wiebe, and has been corroborated by several more 
recent studies (Jones and Frey, 1960; Petr and Prey, 1967; Wesenberg and 
Shands, 1971; Hathcock and McDaniel, 1973; Roslelle and Frey, 1977). 
Although Coffman and Wiebe (1930) concluded that general combining ability 
(GCA) was useful in predicting the value of oat strains in producing 
superior progeny, numerous other researchers have found that specific 
combining ability (SCA) is important in determining grain yield. Reports 
as to the relative importance of additive and dominance types of gene 
action in determining grain yield have differed widely in their 
conclusions. Jones and Frey (1960), Petr and Frey (1966), and Rosielle 
and Frey (1977) have reported dominance or over-dominance for grain yield. 
Stuthman and Stucker (1975) measured large effect of additive x additive 
epistasis effects in a 12-parent diallel mating and concluded that 
epistasis is an Important component of genetic variance for yield. 
Additive gene action is of primary importance in determining oil 
content of oat (Baker and McKenzie, 1972; Brown et al., 1974; Elliott et 
al., 1985; Thro and Frey, 1985). In a diallel mating involving 8 parents, 
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Brown et al. (1974) obtained mean square for GCA effects that was 20-times 
greater than the mean square for SCA effects. Thro and Frey (1985) and 
Thro et al. (1985) performed generation mean analyses to investigate the 
importance of dominance and various forms of epistasis in determining 
groat oil content. Dominance and dominance x dominance epistasis were not 
important in any mating, additive x additive epistasis was important in 
several cases, and additive x dominance epistasis was significant in one 
mating. Additive gene action accounted for most of the genetic 
variability for oil content in all matings. 
Predominantly additive gene action has been reported for date of 
heading (Jones and Frey, 1960; Rosielle and Frey, 1977; Elliott et al., 
1985), plant height (Rosielle and Frey, 1977; Elliott et al., 1985), seed 
weight (Rosielle and Frey, 1977), and groat percent (Wesenberg and Shands, 
1971). Evidence of important dominance effects have been reported for 
grain yield (see previous discussion), date of heading (Elliott et al., 
1985), seed weight (Jones and Frey, 1960), and number of panicles per 
plant (Petr and Frey, 1966). 
The effect of the hexaploid nature of oat upon estimates of the types 
of gene action affecting inheritance of quantitative traits is not well 
understood. Although homeology is not complete between the three 
constituent genomes of A. sativa (Rajhathy and Thomas, 1974), it is 
possible that gene duplication exists between these genomes (Jensen, 1961) 
and that the degree of this duplication differs among oat genotypes. 
Inter-genomic gene interaction could mimic dominance or various forms of 
epistasis gene action. Lack of normal Mendelian, diploid inheritance 
constitutes a violation of assumptions inherent to common methods of 
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estimating gene action and complicates the study of inheritance of 
quantitative traits of oat. Both the extent to which this assumption is 
violated in oat, and the degree to which failure to meet this assumption 
affects estimates of genetic parameters, are uncertain. 
Explanation of Dissertation Format 
A general introduction and a review of literature pertinent to the 
topics of the dissertation precede the main text. The main text of the 
dissertation is divided into three sections, each of which will be 
submitted for publication with little or no modification. Section I 
presents results of experiments investigating the Inheritance of test 
weight for 13 populations of oat lines from biparental origin. Section II 
discusses the relative importance of additive and non-additive variation 
(general and specific combining ability effects) in determining 
inheritance of test weight, grain yield, harvest index, date of heading, 
and plant height for 95 matings among 24 inbred oat lines. Section III 
incorporates information from experiments described in Sections I and II 
to investigate the associations or correlations among agronomic traits of 
oat, with particular emphasis on test weight. A general summary and 
conclusion for the dissertation follows Section III. References cited in 
the General Introduction and Review of Literature are listed in the 
Literature Cited section, following the General Summary and Conclusion. 
Finally, Appendix A contains tables of phenotypic and genotypic 
correlations among several traits for the 13 oat populations described in 
Section I, and Appendix B contains tables of estimated factor loadings 
from factor analyses discussed in Section III. 
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SECTION I. 
INHERITANCE OF TEST WEIGHT AND RELATIONSHIP 
OF TEST WEIGHT WITH GRAIN YIELD OF OAT 
12 
ABSTRACT 
Test weight is a measure of grain quality and market value of oat 
(Avena sativa L,). This study was conducted to evaluate the degree of 
genetic variability for, and to assess the feasibility of, breeding oats 
with Increased test weight. Variance components and heritability of test 
weight were estimated by evaluating 50 random Fg g lines from each of 13 
biparental matlngs. Evaluations were conducted in a trial with four 
replications at each of three locations in Iowa. Significant genetic 
variance (P<0.01) occurred for test weight in all matings. Heritabilities 
for test weight, calculated on a line mean basis, ranged from 63 to 91%. 
Transgressive segregation occurred in most matings, but low-test-weight 
segregates were more frequent than high transgressive lines. High 
heritability values, the general concurrence between mating means and mid-
parent values, and normality of the distributions of segregating lines 
suggest that gene action for test weight is primarily additive. 
Correlations between test weight and grain yield were positive for eight 
populations, negative for one, and not significant for four. The presence 
of significant genetic variance, high heritability, and positive 
correlation with grain yield show that breeding high-yielding oats with 
improved test weight should be possible. 
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INTRODUCTION 
Test weight Is a standard measure of grain quality of oat (Avena 
satlva L.). The nutritive value, milling quality, and transport 
efficiency of oat grain are associated with test weight (Pomeranz et al., 
1979; Crosbie et al., 1985). Quality designations based on test weight 
determine the market value of an oat crop. Most oat breeding programs 
devote some effort to improvement of test weight (Youngs et al., 1982). 
To develop oat cultivars with Increased test weight efficiently, 
breeders must understand the nature of inheritance of this trait. 
Previous studies of test weight of oat indicate this trait is 
quantitatively determined and highly heritable (Table 1). Normal 
distribution of progeny from hybrid matings has been reported for test 
weight by Pawlisch and Shands (1962) and Wesenberg and Shands (1973). 
Wesenberg and Shands (1973) also reported transgressive segregation of 
lines from three matings. The correlation of test weight with grain yield 
may be positive (Murphy et al., 1940; Pawlisch and Shands, 1962; Smith, 
1988) or negative (McFerson, 1987; Souza and Sorrells, 1988). 
The objective of this study was to examine inheritance of test weight 
within elite or commonly used oat germplasm. Because previous studies 
(Table 1) evaluated one or few populations, their results may not extend 
to much of the germplasm used in new cultivar development. To obtain more 
broadly applicable information regarding inheritance of test weight, I 
studied populations of offspring from 13 biparental matings involving 15 
inbred parents. Components of variance and heritability of test weight 
were calculated, as well as the correlation of grain yield with test 
weight. 
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Table 1. Summary of previous estimates of heritability of 
test weight of oat 
Q 2 
Researcher(s) Method h 
— % 
Pawlisch and Shands (1962) Var. Comps. :F3 39 - 97 
Regress. F4 on F3 71 - 98 
Wesenberg and Shands (1973) Var. Comps. :F3 62 - 88 
Branson and Prey (1989) Var. Comps. :S1 72 - 80 
McFerson (1987) Var. Comps. :S1 73 - 79 
Smith (1988) Var. Comps. :S1 61 - 70 
Methods for calculating heritabilities were by estimates 
of variance components (evaluating F3 or SI lines) or by 
regression. 
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MATERIALS AND METHODS 
Thirteen blparental oat populations were developed from matlngs 
between low x low, low x high, high x low, and high x high test-weight 
parents. Parents were inbreds developed at Iowa State University and oat 
cultlvars of past or present widespread use in the United States (Table 
2). Fifty random Fg-a were evaluated for each of the blparental 
matings. The 15 parent lines, plus three check lines, were also included 
in the evaluation experiment. 
The oat lines were evaluated in 1987 using a randomized complete 
block design with four replications at each of three locations: The 
Agronomy and Agricultural Engineering Field Research Center near Ames, the 
Clarion-Webster Research Center near Kanawha, and the Northeast Research 
Center near Nashua, Iowa. Soil types were Nicollet silty loam (fine-
loamy, mixed, mesic Aquic Hapludoll) at Ames, Webster silty clay (fine-
loamy, mixed, mesic Typic Hapluquoll) at Kanawha, and Readlyn loam (fine-
loamy, mixed, mesic Aquic Hapludoll) at Nashua. Fertilizer applications 
consisted of 34-22-28, 52-3-4, and 45-0-0 kg ha ^ of N-P-K at Ames, 
Kanawha, and Nashua, respectively. Soybean (Glycine max L.) was the 
previous crop at all locations. 
Sowing dates were 13 March, 7 April, and 8 April at Ames, Kanawha, 
and Nashua, respectively. A plot consisted of a hill with 30 seeds sown 
at a depth of 2 to 3 cm. Hills were sown 30 cm apart in a square grid 
pattern (Frey, 1965). Two rows of hills were sown around the replications 
at a location to provide competition for peripheral plots. Weeds were 
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Table 2. Mating scheme and test weight and grain yield 
(1987) of parent lines utilized in the 
development of low x low, low x high, high x 
low, and high x high test weight oat 
populations 
Test Grain 
Pop'n Parents Weight Yield 
PI (fern.) P2 (male) PI P2 PI P2 
kg m"^ Mg ha •1 
LLl Hamilton J17-2 384 424 3, ,15 3. 68 
LL2 H840-2 Ogle 412 405 2 .92 3, ,31 
LHl Ogle Otee 405 423 3 .31 3. ,05 
LH2 Hamilton Noble 384 432 3 .15 2. ,79 
LH3 Hamilton Otee 384 423 3 .15 3, ,05 
LH4 H840-2 Clintford 412 438 2 .92 2. ,71 
HLl D226-22-77 J17-2 424 424 3 .20 3. ,68 
HL2 B605-1085 H893-2 436 424 2 ,83 3 .10 
HL3 Starter H811-3 
H938-3® 
431 410 3 .10 3, .23 
HL4 Clintford 438 422 2 .71 2 .  96 
HHl B605-1085 Clintford 436 438 2 .83 2 .71 
HH2 Porter Y933-11-2 443 428 3 .38 3 ,35 
HH3 Y933-11-2 B605-1085 428 436 3 .35 2 .83 
LSDQ 
.05 14 0, ,54 
®H938-3 has genetic background with 50% Clintford 
genome. 
controlled by manual cultivation, and Bayleton (l-(4-chlorophenoxy)-3,3-
dimethyl-l-(lH-l,2,4-triazol-l-yl)-2-butanone), a systemic fungicide, was 
applied to the oat plants at anthesls to control fungal foliar diseases. 
When mature, the plants in a plot were harvested at ground level, air 
dried, and threshed. Yield was the weight of threshed grain. Next, seeds 
from neighboring replications at a location were bulked and cleaned for 
each entry (line). This effectively reduced the number of replications 
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from four to two per location, but provided seed lots that were 
sufficiently large for measuring test weight even for low-yielding 
entries. Test weight was measured as the weight of grain in a level full 
78-cc cylindrical container. 
A random effects model was utilized for statistical analyses of the 
data. Separate analyses of variance (AOV) were conducted for each 
population of Fg-a lines. 
Source df Expected 
of test grain Mean 
Variation weight yield Square 
Locations, L 2 2 
Replications(L), R 3 9 
Fg.g lines, F 49 49 M3= 
Loc. X lines, LF 98 98 M2= + ro\p 
Error 147 441 Ml= 
Mean squares obtained from AOVs were utilized to estimate genetic 
2 2 
variance, o and heritability, h : b 
= (M3-M2)/rl h^ = 1 - (M2/M3) 
Approximate 90% confidence intervals for estimates of genetic variance 
were calculated by the Williams-Tukey method, as described by Boardman 
(1974). Exact 90% confidence intervals for estimates of heritability were 
calculated as described by Knapp et al. (1985). 
The normality of frequency distributions of Fg-a lines for test 
weight was assessed by using Shapiro and Wilks' W-statistic, as described 
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by Stephens (1974). Apparent transgresslve segregation occurred for test 
weight or yield when an Fg ^ line either exceeded the high parent or had 
lower value than the low parent. Comparisons between population mean and 
mid-parent value and between individual line mean and parent value (to 
determine if transgresslve segregation was statistically significant) were 
made for test weight and grain yield. These comparisons made use of t-
tests appropriate for comparison of means for samples of unequal size and 
probable unequal error variance (Snedecor and Cochran, 1980). 
Phenotypic and genotypic correlations between test weight and grain 
yield were calculated according to Falconer (1981): 
r = Cov Ptg ^ ^ Coy Gtg 
^ 4(o^Pt)(o^Pg) ° >r(o^Gt)(o^Gg) 
Where CovPtg is the phenotypic covariance between test weight and grain 
2 2 2 2 yield, CovGtg is the genetic covariance, and o Pt, o Pg, o Gt, and o Gg 
are phenotypic and genetic variance estimates for the two traits. 
To provide an indication of the importance of year effects and 
interactions involving year effects in determining test weight, data from 
two multiple-year experiments are presented. In the first experiment, 
parents listed in Table 2, plus the inbred genotypes 'Kelly', H944-3, and 
J74-1, were evaluated in 1987 and 1988. Experimental design and 
techniques were the same as described for evaluation of the 13 biparental 
oat populations (including use of a 78-cc container to measure test 
weight), except that eight replications (instead of four) were grown at 
each location. The second estimate of variance components involving year 
effects was obtained from data collected for 21 inbred lines and cultivars 
grown from 1983 to 1987 in annual oat variety trials conducted by Iowa 
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State University. Oat variety trials were grown at seven locations across 
Iowa, with three replications at each location. Plots were four rows (3.7 
m long, spaced 30 cm apart) from which the two center rows were harvested. 
Test weight of entries in oat variety trials was measured with a standard 
0.946-L container. 
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RESULTS AND DISCUSSION 
Phenotypic and Genetic Variability for Test Weight 
The distribution of Fg ^ lines was normal (PS0.05) for test weight 
in all populations except LL2, for which the distribution was skewed in 
the direction of low test weight. There seemed to be transgressive 
segregation in all of the populations. Only five populations, however, 
had lines with test weight that significantly (P^O.05) exceeded their 
respective high-parent value for this trait. By contrast, 10 populations 
had lines transgressive for low test weight. These results, indicating 
normal distribution of offspring with preponderance of low- versus high-
parent transgressive segregation, are consistent with those published by 
Pawlisch and Shands (1962) and Wesenberg and Shands (1973). 
Population means generally did not differ from mid-parent values for 
test weight (Table 3). This suggests that gene action determining test 
weight was primarily additive for these oat populations. It is difficult 
to interpret the small, albeit significant, deviations of the means of 
populations LL2, LHl, and HL3 from their respective mid-parent values for 
test weight. Likely causes for significant deviations are dominance with 
or without epistatic types of gene action (Falconer, 1981), or linkage of 
unfavorable alleles. Significant dominance and additive x additive 
epistasis have been previously reported for various quantitatively 
determined characters of oat (Petr and Frey, 1966; Rosielle and Prey, 
1977; Stuthman and Stucker, 1975; Thro et al., 1985). In summary, because 
Table 3. Deviation of population mean from mid-parent values, and amount of transgressive 
segregation for test weight and grain yield for 13 populations of Fg-a lines 
Transgressive Segregation 
Deviation of Population 
Pop'n from Mid-Parent Mean Test Weight Grain Yield 
Test Weight Grain Yield below low above high below low above high 
parent parent parent parent 
% of Mid-parent % of Fg; Lines 
LLl -0.9 -2.8 8 (0)* 8 (0)^ 32 (6)* 12 (2) 
LL2 -3.3** 1.4 76 (44) 10 (0) 28 (8) 34 (8) 
LHl -1.6* -6.2 42 (16) 12 (2) 62 (16) 14 (0) 
LH2 -0.9 1.0 4 (0) 2 (0) 24 (4) 32 (2) 
LH3 -0.6 2.9 16 (2) 10 (0) 34 (0) 56 (10) 
LH4 0.1 0.0 10 (0) 18 (0) 40 (6) 30 (10) 
HLl -0.7 -11.9** 56 (16) 40 (8) 56 (32) 2 (0) 
HL2 -0.7 -7.4* 38 (10) 22 (0) 56 (22) 16 (4) 
HL3 -1.9** -0.9 42 (6) 4 (0) 44 (12) 38 (10) 
HL4 -0.9 -10.9** 38 (2) 12 (2) 72 (26) 14 (0) 
HHl 0.4 2.2 38 (6) 50 (4) 36 (6) 54 (14) 
IIH2 -0.3 5.3 28 (2) 26 (2) 24 (10) 76 (26) 
HH3 -0.3 5.6 40 (4) 28 (0) 10 (0) 48 (4) 
^Numbers in parentheses are % of Fg-a significantly (P<0.05) transgressive. 
*, ** Indicate significance at P<0.05 and P<0.01, respectively. 
22 
deviations between population means and mid-parent values generally were 
small or non-significant, additive gene action seemed predominant in 
determining test weight in these oat matings. 
The genetic variation among Fg.g lines was significant for test 
weight in all oat populations (Table 4). Differences in the amount of 
genetic variation among populations, however, did not agree with 
expectations based on prior classification of parents of the matings as 
high or low in test weight. If inbred lines with similar test weight 
shared common alleles at loci determining this trait, then low x low and 
high x high matings (LLl, LL2, HHl, HH2, and HH3) would be expected to 
produce populations of offspring with little genetic variability for test 
weight. The same expectation would apply to a population such as HL4, 
which was formed by mating genetically related inbreds. Because 
significant (P<0.01) genetic variation was observed for test weight in all 
populations, diversity of alleles among the parents was indicated. The 
parents included in this study were elite inbreds and cultivars, so it is 
likely that greater genetic variability for test weight exists among oat 
and related germplasm. 
Heritability of Test Weight 
Heritability of test weight, estimated on an Fg ^ line mean basis, 
ranged from 63 to 91% for the 13 oat populations (Table 4). These values 
are similar to those reported by other researchers (Table 1). Because the 
expected genetic variance among Fg-a lines Is the full additive variance 
plus only one-fourth of the dominance variance, and because evidence 
previously discussed suggested dominance effects are small relative to 
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Table 4. Means, variance component, and heritability estimates for 
test weight for 13 oat matings 
Variance Component 
Mating 
Mean (90% C.I.) 
CM D ,2 
error 
h^ [90% C.I.) 
kg m ^ % 
LLl 401 170 111, 269) 53** 156 80 (70. 87) 
LL2 394 85 50, 142) 32* 157 70 (55. 80) 
LHl 407 241 170, 363) 2 147 91 (86, 94) 
LH2 404 98 55, 167) 63** 173 66 (50, 78) 
LH3 401 229 157, 351) 28* 161 86 (80, 92) 
LH4 425 103 63, 169) -18 266 73 (60. 82) 
HLl 422 131 82. 212) -3 253 75 (63, 84) 
HL2 427 134 82. 219) 20 255 73 (60. 82) 
HL3 412 112 72, 179) 11 169 78 (67. 86) 
HL4 426 89 49. 152) 19 238 66 (50. 78) 
HHl 438 65 35. 112) -1 217 65 (47. 77) 
HH2 435 137 91. 214) 3 179 82 (73. 88) 
HH3 431 49 26. 85) -6 184 63 (45. 76) 
^Estimates of genetic variance were significant (P^O.Ol) for 
all populations. 
*,** Indicate significance at P<0.05 and P<0.01, respectively. 
additive effects, herltabllities in Table 4 may approximate narrow-sense 
estimates. Herltabllities greater than 60% indicate that test weight is 
highly heritable and that selection among Fg ^ lines should be effective 
in improving this trait. 
Heritability is commonly defined by the ratio of variances presented 
in Equation 1. But, since interactions involving year effects were not 
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h = (Eq. 1) 
+ o^LG + o^YG + o^YLG + o^G 
FTy -T- — —Tf 
estimated In this study, they could not be differentiated from estimates 
of genetic variance. Consequently, herltabilities calculated in this 
study may be described by Equation 2, in which the genetic variance is 
( o^G + o^YG + o^YLG ) 
h"^ = (Eq. 2) 
+ a^LG + (o^G + o^YG + o^YLG) 
TF —r 
confounded by interactions with year effects. If the variance components 
2 2 2 
o yg and o are important relative to the genetic variance, o ^, then 
herltabilities in Table 4 may be inflated. 
Herltabilities of test weight presented in Table 5 show close 
agreement between estimates based on single-year evaluations and estimates 
based on multiple years of evaluation for two groups of inbred oat lines. 
Although this may seem surprising because the variances due to 
2 2 interactions o and a were generally significant (P<0.01), It can be 
Interpreted as further evidence that test weight of oat is a highly 
heritable trait. Because genotype x environment Interaction varies among 
genotypes and may vary with degree of inbreeding (Falconer, 1981), analogy 
between herltabilities presented in Table 5 and those calculated for 
populations of ^ lines (Table 4) should be made with caution. 
Nevertheless, high herltability of test weight and the evidence presented 
in Table 5 suggest that estimates of herltability of test weight based on 
single-year evaluations are quite useful. 
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Table 5. Variance component and herltabllity estimates for test weight 
for two sets of oat inbreds when evaluated in single or 
multiple year experiments 
Variance Component 
Population Genetic LxG Error YxG YxGxL Heritability 
Parents^ 
1987 + 1988 281** -27 233 27 105** 89. 9 
1987 196** 20 202 89 ,3 
1988 419** 137** 263 86. .1 
Varietv Trials^ 
1983 to 1987 254** 13* 146 109** 172** 89, ,5 
1983 242** 118** 152 91, .0 
1984 245** 33** 111 96. .1 
1985 385** 129** 109 94, ,2 
1986 635** 555** 225 85, .8 
1987 454** 156** 131 93, .2 
^'Parents' were 18 inbred oat lines evaluated in hill plots with 
4 replications at each of 3 locations. 
^Oat variety trials are conducted each year by Iowa State Univ. 
Analysis of variance included 21 inbreds grown at 7 locations across 
Iowa, with 3 replications within location. Plots were 4-rows (3.7 m 
long, spaced 30 cm apart). 
*, ** Significance at P<0.05 and PiO.Ol, respectively. 
Grain Yield and its Relationship to Test Weight 
Transgressive segregation of Fg-a lines was more frequent for grain 
yield than test weight; all populations had lines transgressive for yield 
(Table 3). Similar to test weight, population means for grain yield 
generally did not differ from their respective mid-parent value. The 
genetic variation among Fg-s Unes for grain yield was significant for all 
matings (Table 6), and heritability "of this trait was high (60 to 82%). 
The phenotypic correlation between grain yield and test weight was 
positive for eight populations, negative for one, and not significant for 
four (Table 6), Phenotypic and genotypic correlations agreed closely both 
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Table 6. Mean, genetic variance, and heritablllty estimates for grain 
yield, and phenotypic and genotyplc correlation between 
grain yield and test weight for 13 oat matings 
Correlation^ 
Mating Mean (90% C.I.) h^{90% C.I.) Tp 
Mg ha ^ — (X 10) - % 
LLl 3 32 1 34 (0.84, 2.15) 76 (65, 85) -0. 11 -0 19 
LL2 3 16 1 22 (0.73, 2.02) 71 (57, 81) -0. 16 -0 36 
LHl 2 98 0 55 (0.30, 0.94) 66 (49, 78) 0. 12 0 13 
LH2 3 00 0 56 (0.28, 1.00) 60 (41, 74) 0. 32* 0.36 
LH3 3 19 0 45 (0.23, 0.79) 62 (43, 75) -0 29* -0 47 
LH4 2 82 0 90 (0.49, 1.56) 64 (47, 76) 0 33* 0 25 
HLl 3 07 1 15 (0.59, 2.04) 61 (42. 75) 0 56** 0 58 
HL2 2 75 1 20 (0.80, 1.87) 82 (74, 89) 0 58** 0 66 
HL3 3 13 0 99 (0.53, 1.72) 63 (46, 76) 0 49** 0 57 
HL4 2 53 0 97 (0.56, 1.63) 69 (54, 80) 0. 34* 0 32 
HHl 2 83 0 .96 (0.57, 1.58) 71 (57, 81) 0 53** 0 54 
HH2 3 54 1 22 (0.71, 2.05) 69 (54, 80) 0 52** 0 61 
HH3 3 26 0 63 (0.33, 1.12) 62 (44, 75) 0 26 0 24 
^rp=phenotypic, rQ=genotypic correlation of test weight with 
grain yield. 
^Estimates of genetic variance were significant (P^O.Ol) for all 
populations. 
*, ** indicate significance at P<0.05 and P^O.Ol, respectively. 
in sign and magnitude. The relationship between population means for test 
weight and grain yield is illustrated in Figure lA. Populations with 
negative correlation between yield and test weight were the three with 
lowest mean for test weight. Conversely, populations with high mean for 
test weight typically had significant positive correlation between this 
trait and grain yield. It seems that for populations with low test 
weight, greatest yield of an individual genotype could be achieved by 
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Figure 1. Relationship of grain yield with test weight: A) Mean grain 
yield ± standard error and ± standard deviation for 13 
populations of F _ oat lines differing in mean for test 
weight. B) Mean grain yield ± standard error and ± standard 
deviation for 650 F^.g oat lines grouped into 16 classes 
according to test weight 
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minimizing test weight. By contrast, greatest yield of individual lines 
within high-test-weight populations would be achieved by maximizing test 
weight. This latter situation would be favorable for development of new 
oat cultivars superior for both yield and test weight. 
The general relationship between grain yield and test weight is 
depicted in Figure IB, in which lines from all of the populations have 
been grouped according to test weight. It is clear from examination of 
Fig. IB that both high- and low-yielding lines occurred throughout the 
range of test weights observed. There was, however, a significant 
quadratic trend among the means for grain yield, with a minimum yield 
occurring at approximately 410 kg m ^ test weight. Although the 
particular value of test weight at which grain yield is minimized should 
be expected to vary with environmental conditions, these data suggest that 
positive correlation between test weight and grain yield can be expected 
among high-test-weight genotypes. 
The matlngs of greatest interest within a test-weight improvement 
program would be those with highest mean for this trait. Because high 
grain yield is also desired, population HH2 (Fig. lA) seems the most 
promising of these populations as a source of outstanding genotypes. 
High-parent transgresslve lines occurred for both yield and test weight in 
population HH2 (Table 3). 
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CONCLUSION 
Test weight seemed to be determined by multiple genes acting 
primarily In an additive manner. Genetic variability for test weight was 
significant among parents used in this study, and because these parents 
were elite inbreds or cultlvars, it is likely that large amounts of 
additional genetic variability for test weight are available within oat 
and related gene pools. Variance component and heritability estimates 
indicated that improvement of test weight is possible when selecting among 
Fg lines evaluated by using hill plots grown in one year and few 
locations. However, year x genotype and year x location x genotype 
interactions are significant for test weight, and varietal recommendations 
should be based on evaluation in more than one year. 
The relationship between test weight and grain yield in most of the 
populations was amenable to selection of genotypes with both high test 
weight and high grain yield; this seemed to be particularly true for 
populations with high test weight. Because population means for both test 
weight and grain yield generally agreed with mid-parent values for these 
traits, matings among parents with high test weight and high grain yield 
are most likely to produce outstanding progeny. Sustained, long-term 
Improvement of test weight may require use of recurrent selection or other 
strategies to concentrate multiple favorable alleles within breeding 
populations. 
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SECTION II. 
GENERAL AND SPECIFIC COMBINING ABILITY EFFECTS FOR TEST WEIGHT. 
GRAIN YIELD, AND THREE OTHER TRAITS OF OAT 
33 
ABSTRACT 
To estimate the relative importance of general and specific combining 
ability effects (GCA and SCA) determining five traits of oat (Avena sativa 
L.). 24 inbred lines were mated according to a Design II scheme. Test 
weight, grain yield, harvest index, date of heading, and plant height were 
measured for 10 random Fg,g lines from each of 95 crosses. The oat lines 
were evaluated in 1988 in four replications at each of three locations in 
Iowa. Both GCA and SCA effects were significant (P50.01) for all traits, 
but GCA effects accounted for 75, 85, 82, 72, and 85% of the variability 
among crosses for test weight, grain yield, harvest index, date of 
heading, and plant height, respectively. Because the variance of SCA 
2 2 2 
effects represented 1/4 o ^ + 1/2 o and because o ^ appeared to be 
small based on contrasts of parents versus offspring means, probably 
additive x additive epistasis was important in causing significant 
2 
variance for SCA effects. Improvement of traits for which o ^  is 
important should use mild selection intensities in early generations of 
inbreeding to avoid discarding lines before favorable epistatic 
combinations can form and be expressed. Mid-parent values were useful for 
predicting mean offspring performance for these traits, but because 
variance of lines within crosses was large, and because SCA effects were 
unrelated to parent values per se, breeding programs should not rely 
exclusively on mid-parent value when selecting parents for matings. 
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INTRODUCTION 
Test weight is a measure of grain quality of oat (Avena sativa L.). 
It measures the weight per unit volume of grain and is positively 
associated with nutritional value and milling quality (Peek and Poehlman, 
1949; Pomeranz et al., 1979). Grade designations based on test weight 
determine the market value of oat grain in the United States. For these 
reasons, test weight is a selected trait within most oat breeding programs 
in the USA. 
Pixley (see Section I) found that heritabilities of test weight 
ranged from 63 to 91% for 13 populations of oat lines from bi-parental 
origin. Similarly, high heritability values for test weight of oat have 
been reported by Pawlisch and Shands (1962), Wesenberg and Shands (1973), 
Branson and Frey (1989), and others. Normal frequency distributions for 
test weight from progeny of hybrid matings, and coincidence between 
progeny means and mid-parent values for this trait, have been reported by 
Pawlisch and Shands (1962), Wesenberg and Shands (1973), and Pixley (see 
Section I). High heritabilities, normal frequency distribution of progeny 
from bi-parental matings, and coincidence of progeny means with mid-parent 
values suggest that gene action determining test weight of oat is 
primarily additive. 
Non-additive gene action may be important in determining the 
expression of some quantitatively inherited traits of oat. Significant 
dominance gene action has been reported for grain yield of oat by Jones 
and Frey (1960), Petr and Frey (1966), Hathcock and McDaniel (1973), and 
Rosielle and Frey (1977). Evidence of important dominance effects in oat 
has also been reported for date of heading (Elliott et al., 1985). seed 
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weight (Jones and Frey, 1960). and number of panicles per plant (Petr and 
Frey, 1966). Significant additive x additive epistasis has been reported 
for grain yield (Stuthman and Stucker, 1975) and oil content (Thro et al.. 
1985) of oat. 
To evaluate the relative importance of additive and non-additive 
effects in determining test weight of oat, general and specific combining 
ability effects (GCA and SCA effects) were measured for this trait using a 
Design II (Comstock and Robinson, 1948) mating scheme involving 24 Inbred 
oat lines as parents. Secondary objectives of this study were to evaluate 
the Importance of cytoplasm (or extra-nuclear genes) in determining test 
weight and to determine whether differences in GCA and/or SCA effects are 
associated with type of mating performed (mating types were high x high 
test weight, high x low, etc.). A third objective was to evaluate the 
relative Importance of GCA and SCA effects In determining grain yield, 
harvest index, date of heading, and plant height for these oat matings. 
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MATERIALS AND METHODS 
Genetic Materials and Mating Scheme 
Twenty-four inbred oat genotypes were selected from among elite 
genotypes from the oat breeding program at Iowa State University. The 
only criterion used in choosing parents was test weight, and genotypes 
chosen were classified as high (parents 1 to 8), intermediate (parents 9 
to 16), or low (parents 17 to 24) for this trait (Table 1). A Design II 
(Comstock and Robinson, 1948) mating scheme was utilized to intermate the 
24 oat lines. To reduce the number of matings required, and to allow 
comparisons between various types of matings, six sets were formed based 
on prior classification of the parents as high, intermediate or low for 
test weight (Table 2). The sets were defined as high x high, intermediate 
X high, high x low, intermediate x intermediate, low x intermediate, and 
low X low, according to the test weight of female and male parents 
(respectively) included in each set. Each set included four parents as 
females and four parents as males, resulting in a total of 16 crosses per 
set. Each parent was included in two sets, as a female in one and as a 
male in another, so each parent was involved in a total of eight matings. 
A total of 96 matings were made (six sets with 16 matings each), but 
seed yield of the mating J17-2 x Richland was so low that this mating 
could not be included in the replicated field evaluation. Ten random 
lines were evaluated for each of the 95 matings tested. The 24 parent 
lines were also included in the evaluation experiment. 
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Table 1. Test weight, grain yield, harvest index, date of 
heading, and plant height of parents evaluated at 
three locations in Iowa in 1988 
Test Grain Harvest Date of Plant 
Parent^ Weight Yield Index Heading Height 
kg m"^ Mg ha ^ % d" cm 
1. Clintford 418 2.06 0. ,44 33 69 
2. Kelly 415 2.39 0. 45 32 83 
3. Grundy 376 2.00 0. ,45 33 72 
4. Proat 394 2.47 0.43 35 80 
5. B605-1085 421 2.50 0. ,47 34 72 
6. Starter 431 2.68 0. ,49 32 72 
7. Nodaway70 417 2.19 0, ,47 32 79 
8. Don 403 2.61 0. ,51 33 67 
9, Y22-15-9 405 2.30 0, ,53 31 68 
10. Garland 400 2.27 0. ,47 34 76 
11. Noble 414 2.42 0, ,45 34 74 
12. Y933-11-2 416 2.86 0, ,50 32 77 
13. Otee 374 2.94 0, .46 32 76 
14. Hazel 402 2.97 0, ,48 35 68 
15. Cherokee 388 2.06 0, ,45 31 74 
16. Larry 407 2.86 0, ,50 32 68 
17. Stout 391 2.54 0 .48 32 . 68 
18. Steele 392 3.03 0, ,45 36 86 
19. Ogle 376 3.42 0.49 33 75 
20. J17-2 395 2.54 0. ,40 35 89 
21. Lang 372 2.67 0 .48 32 72 
22. Hamilton 373 2.76 0, ,48 32 72 
23. D504 357 3.10 0 .46 34 75 
24. Richland 354 1.91 0 .41 33 75 
LSDo.os 17 0.42 0 .04 1 6 
^Based on prior data, parents 1 to 8 were classified as high 
for test weight, 9 to 16 as intermediate, and 17 to 24 as low. 
Test weight measured for parents in 1988, however, did not always 
agree with these prior classifications. 
^bate of heading is reported in days after 30 April, 1988. 
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Table 2. Sets of matlngs and parents used within 
sets 
Set Females Males 
H X 5,6,7,8 1.2,3,4 
I X H 9,10,11,12 5,6,7,8 
H X L 1,2,3,4 17,18,19,20 
I X I 13,14,15,16 9,10,11,12 
L X I 21,22,23,24 13,14,15,16 
L X L 17,18,19,20 21,22,23,24 
I, and L indicate high, intermediate, 
and low test weight classifications. 
^Numerals refer to parents listed in Table 1. 
^The mating (20 x 24) was not successful. 
Evaluation Experiment and Procedures 
The oat lines were evaluated in 1988 using a randomized complete 
block design with four replications at each of three locations: The 
Agronomy and Agricultural Engineering Field Research Center near Ames, the 
Clarion-Webster Research Center near Kanawha, and the Northeast Research 
Center near Nashua, Iowa. Soil types were Nicollet silty loam (fine-
loamy, mixed, mesic Aquic Hapludoll) at Ames, Webster silty clay (fine-
loamy, mixed, mesic Typic Hapluquoll) at Kanawha, and Readlyn loam (fine-
loamy, mixed, mesic Aquic Hapludoll) at Nashua. Fertilizer applications 
consisted of 34-22-28, 52-3-4, and 45-0-0 kg ha ^ of N-P-K at Ames, 
Kanawha, and Nashua, respectively. Soybean (Glycine max L.) was the 
previous crop at all locations. 
Sowing dates were 24 March, 1 April, and 7 April at Ames, Kanawha, 
and Nashua, respectively. A plot consisted of a hill with 30 seeds sown 
at a depth of 2 to 3 cm. Hills were sown 30 cm apart in a square grid 
pattern (Frey, 1965). Two rows of hills were sown around the replications 
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at a location to provide competition for peripheral plots. Weeds were 
controlled by manual cultivation. 
Date of heading and plant height were measured only on two 
replications at Ames. Date of heading for a plot was the number of days 
after 30 April when 50% of the panicles were fully emerged from the boot. 
Plant height was the distance from ground level to the tips of the 
panicles, measured two weeks after the last plots were headed. 
When mature, the plants in a plot were harvested at ground level, air 
dried, and weighed to obtain biomass yield. Each plot was threshed, and 
yield was the weight of threshed grain. Harvest index was calculated as 
grain yield divided by biomass yield, and was expressed as a percentage. 
Next, seeds from neighboring replications at a location were bulked and 
cleaned for each entry. This effectively reduced the number of 
replications from four to two per location, but it provided seed lots that 
were sufficiently large for measuring test weight. Test weight was 
measured as the weight of grain in a level full 78-cc cylindrical 
container. 
Data Analyses 
A mixed effects model in which locations and replications were 
considered to be random effects and entries were regarded as fixed 
effects, was used for analyses of variance (AOVs). Analyses of variance 
for test weight were performed for each set as well as combined over sets. 
All other traits were analyzed using the model combined over sets because 
no basis for interpretation could be associated with Individual sets. 
Because entries were considered to be fixed effects, tests of significance 
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for each source of variation were performed by using the corresponding 
location X source mean square as the error term. 
Entries evaluated were 10 Fg g lines from each of the 95 crosses (10 
lines X 95 crosses = 950 entries) plus the 24 parents used to produce the 
crosses (each parent was entered twice in the evaluation experiment: 24 
parents x 2 = 48 entries). The entry sums of squares was partitioned into 
components due to parents, entries or samples within parents, sets, 
crosses within sets, Pg ^ lines within crosses and sets, and a contrast of 
parents versus crosses within sets. The crosses within sets component was 
sub-divided into variation due to males within sets, variation due to 
females within sets, and variation due to male x female interaction within 
sets. Throughout the text, variation due to males(sets), females(sets), 
and males x females(sets) will be referred to interchangeably as 6CA 
effects among males (GCAmales), GCA effects Eunong females (GCAfemales), 
and SCA effects, respectively (Hallauer and Miranda, 1988). 
Regressions of crosses upon mid-parent values were performed using 
means of the 10 lines evaluated for each cross, as well as means for the 
two entries (or samples) evaluated for each parent. 
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RESULTS AND DISCUSSION 
Test Weight 
General and specific combining ability effects were significant for 
test weight for most sets of oat matings (Table 3). The exceptions were 
non-significant GCAmales in the H x L set and SCA in the L x L set. 
Differences between the mean squares for GCAmales and GCAfemales typically 
reflected variability in test weight among the parents per se. For 
example, test weights of male parents in the H x L set differed by a range 
of 19 kg m and test weight of females had a range of 43 kg m 
correspondingly, the GCAfemales mean square was greater than that for 
GCAmales. With few exceptions, parents with highest test weight were also 
the parents with best GCA effect within a set (data not presented). 
The proportion of the variance among crosses that was explained by 
SCA effects differed among sets (Table 4). No pattern of relationship 
between the relative magnitudes of the sums of squares for SCA and GCA, 
however, could be associated with set classification. The importance of 
SCA in matings was not associated with, and could not be predicted from, 
the test weight of parents per se. 
Similarity of the mean squares for GCAmales and GCAfemales in the 
combined analysis of variance (Table 5) indicated that cytoplasmic genes 
did not contribute to the variability for test weight among crosses. 
Thus, either cytoplasmic genes were not Involved in determining the 
inheritance of test weight, or cytoplasmic genes affecting test weight did 
not vary among these oat lines. This means that a parent could be used as 
male or female in a cross without affecting test weight segregation. 
Table 3. Mean squares from analyses of variance for test weight within six sets of matings 
Set 
Source of 
Variation 
degrees of 
freedom H X H® I X H H X L I X I L X I 
degrees of 
freedom L X L 
(x lO'l) - (X lO'l) 
Locations, L 2 14090» 18140»» 10263»» 17675»» 13934» 2 11095* 
Rep/L, R 3 500»* 372»» 92 431»» 767»» 3 436»* 
Males, M 3 911» 4311»» 727 2326»» 3060»» 3 1827** 
Females, F 3 2245»» 890»» 6447»» 2839» 229» 3 1377* 
M X F 9 287»» 1272»» 266»» 430»» 644*» 8 102 
lines(M x F) 144 149»» 104»* 187»» 166»» 159*» 135 186** 
L X M 6 155»» 67» 166»» 128»» 78 6 63 
L X F 6 32 85»» 69 485»» 41 6 172** 
L X M X F 18 78»» 25 35 25 42 16 45 
L X KM X F) 288 22»» 22» 28 22» 24 270 28** 
Error 477 17 19 25 17 23 447 21 
C.V. 3.18 3.36 3.98 3.39 4.14 3.95 
Mean 405 408 395 387 370 368 
I, and L refer to high, intermediate and low test weight parents, respectively, 
''units of test weight are kg m 
*, *• Indicate significance at the 0.05 and 0.01 probability level, respectively. 
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Table 4. Percentages of the sums of squares for 
crosses due to general and specific 
combining ability effects for test weight 
and other traits 
Trait GCAmales GCAfemales SCA 
— % of sums of squares for crosses^ -
Test Weight 36 39 25 
Set: H X H 23 56 21 
I X H 48 10 42 
H X L 9 81 10 
I X I 36 44 20 
L X I 59 4 37 
L X L 53 40 8 
Grain Yield 36 49 15 
Harvest Index 40 42 18 
Date of Heading 35 37 28 
Plant Height 44 41 15 
^Percent of crosses sums of squares are for 
analyses combined over six sets of matings, except 
as specified for each set for test weight. 
The mean square for the contrast of parents versus crosses was non­
significant (P<0.05), so heterosis either did not occur for test weight, 
or it was dissipated more quickly from inbreeding than expected on 
theoretical grounds. Because the parent versus crosses comparison was 
non-significant, the mid-parent value of a cross should be a useful 
predictor of the mean test weight of the offspring. Regression of progeny 
means upon mid-parent values accounted for 71% of the variation in test 
weight among crosses (Table 6). 
Because CCA (GCAmales plus GCAfemales) accounted for 75% of the 
variability among crosses, it is clear that additive variance was more 
important than non-additive variance in determining test weight for these 
matings. These results were not surprising since previous studies 
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Table 5. Mean squares from analyses of variance for test 
weight, grain yield, and harvest index when combined 
over six sets of matings 
Test Weight Grain Harvest 
Source of Degrees of Mean Yield Index 
Variation Freedom Square — Mean Square — 
(xio'l) (X icf) (X 10*) 
Location, L 2^ 86187** 223193** 58123** 
Rep/L, R 3^ 1970** 618** 3600** 
Entries, E 997 393** 205** 164** 
Parents, P 23 517** 356** 226** 
samples(P) 24 28 46 32 
Sets, S 5 26815** 145 3813** 
Crosses(S), C 89 1219** 1080** 586** 
Males(S), M 18 2193** 1935** 1158** 
Females(S), F 18 2338** 2623** 1209** 
M X F(S) 53 508** 265** 181** 
lines(C & S) 855 158** 115** 100** 
Parents v. C 1 1086 53 6 
L X Entries 1994 32** 50** 35** 
L X P 46 41** 52** 38 
L X s(P) 48 23 35 26 
L X S 10 482** 515** 229** 
L X C(S) 178 77** 112** 52** 
L X M(S) 36 109** 154** 63** 
L X F(S) 36 148** 203** 93** 
L X M X F(S) 106 42** 67** 35* 
L X 1(C & S) 1710 24** 42** 33** 
L X P V. C 2_ 106** 31 1 
Error 2991 21 35 27 
C.V. 3.70 22.66 11.16 
Mean 389 2.59 0.47 
^Because grain yield and harvest index were measured for 
4 rep./location, they had 9 and 8973 df for rep/loc and 
error, respectively. Degrees of freedom for all other 
sources of variation were the same as shown for test weight. 
^Units were: Test weight, kg m grain yield, Mg ha ^; 
harvest index, %. 
*,** Significant at the 0.05 and 0.01 probability 
level, respectively. 
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Table 6. Regressions of cross means upon mid-parent 
values for five traits of oat 
Predicted linear equation 
for each trait 
Coefficient of g 
Determination, r 
Test weight = 1.08 MP - 37.20' 
Grain yield = 0.67 MP + 0.87 
Harvest index = 0.94 MP + 0.03 
Date of heading = 1.12 MP - 3.69 
Plant height = 0.76 MP + 18.31 
a 0.71** 
0.34** 
0.64** 
0.47** 
0.61** 
ynits are: Test weight, kg m ; grain yield, 
Mg ha ; harvest index, %•, date of heading, days after 
30 April; and plant height, cm. 
** Indicates significance at the P<0.01 level. 
(Branson and Frey, 1989; Wesenberg and Shands, 1973; and others) have 
reported high heritabilities for test weight of oat. The mean square for 
SCA was significant, however, which indicates that non-additive gene 
action did affect test weight. According to formulae presented by Stuber 
(1970), if only additive, dominance, and additive x additive gene action 
are important in determining a trait, the mean square for SCA in this 
2 2 
study equals 1/4 o ^ + 1/2 a ^  (with reference to the generation). 
Crow and Kimura (1970) explained, however, that epistasis alone, without 
dominance, does not produce inbreeding depression or its inverse 
phenomenon, heterosis; therefore, non-significant contrast of parents 
2 
versus crosses (Table 5) indicates that o ^ was not large for test weight. 
2 It seems obvious that if dominance variance was small, and only 1/4 o ^  
contributed to SCA variance, then additive x additive epistasis was 
important in causing the significant SCA mean square observed for test 
weight in this study. 
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The mean square for lines within crosses was significant (P<0.01) for 
all sets of matings and for the analysis combined over sets (Tables 3, 5). 
This indicates that the pairs of parents mated in this study differed in 
the alleles they possessed for test weight. The variability for test 
weight among lines within crosses was equal to or greater than that among 
crosses themselves. As a consequence of this result, it was possible to 
select exceptional lines from matings for which the offspring mean was 
similar to the mid-parent and for which the SCA effect was small relative 
to other matings. 
Grain Yield and Other Traits 
Specific combining ability accounted for only 15% of the variability 
in grain yield among crosses (Tables 4, 5). However, because the variance 
2 2 for SCA equals 1/4 o ^  + 1/2 o and because parent and offspring means 
were similar, it seems that dominance variance must have been small. This 
is consistent with results obtained by Stuthman and Stucker (1975), who 
2 2 
reported that o ^  was equal to or greater than o ^  for grain yield among 
F- and F_ oat lines from a 12-parent diallel cross. Matzlnger (1963) and 
o ( 
Stuber (1970) have suggested that additive x additive epistasis may 
generally be important in determining inheritance of quantitative traits 
of self-pollinating crops. 
Significant dominance variance for grain yield among partially inbred 
oat lines reported by Jones and Prey (1960), Petr and Prey (1966), and 
Rosielle and Prey (1977) have been based on models that did not 
acknowledge epistatic effects. In this study, significant dominance 
variance for grain yield would also be indicated if only additive and 
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dominance variance components were acknowledged in the model. While our 
results cannot preclude the presence of dominance determining grain yield, 
it seems unlikely that dominance was an important component of the 
inheritance of grain yield. The regression of progeny means for grain 
yield upon mid-parent values accounted for only 34% of the variability 
among crosses (Table 6), indicating that mid-parent value had limited 
value for predicting offspring means. 
Harvest index of the oat crosses was primarily determined by GCA 
effects of the parents (Tables 4, 5). Specific combining ability effects 
accounted for only 18% of the variability among crosses, and the mean 
square for the contrast of parents versus crosses was not significant 
(P<0.05) for this trait. Regression of progeny means for harvest index 
upon mid-parent values explained 64% of the variability among crosses for 
this trait (Table 6). These results are consistent with those reported by 
Rosielle and Frey (1977), who concluded that gene action determining 
harvest index of 15 oat crosses was primarily additive. 
General combining ability accounted for most of the variability among 
crosses for date of heading and plant height (Tables 4, 7). Date of 
heading was the only trait for which the contrast of parents versus 
crosses was significant in this study. This was consistent with results 
showing that SCA effects accounted for a greater portion of the 
variability among crosses for date of heading than for any other trait 
(Table 4). When tested using the replication x parents versus crosses 
sub-component of the error sums of squares, however, the contrast of 
parents versus crosses was not significant (P<0.05) for date of heading 
(Table 7). Regression of cross means upon mid-parent values for date of 
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Table 7. Mean squares from analyses of variance 
for date of heading and plant height 
combined over six sets of oat matings 
Date of Plant 
Source of Degrees of Heading Height 
Variation Freedom — Mean Squares — 
(X 10%) 
Replications 1 3734** 116** 
Entries 997 1101** 56** 
Parents 23 843** 132** 
sample(P) 24 39 15 
Sets 5 14157** 1228** 
Crosses(S) 89 5143** 255** 
Hales(S) 18 8832** 554** 
Females(S) 18 9378** 512** 
M X F(S) 53 2453** 66** 
lines(C & S) 855 641** 27** 
Par. V. Cross(S) 1 625** 27 
Error 997 61 15 
Rep. X P V. C(S) 1 107 9 
C.V. 2.35 5.12 
Mean 33.1 74.7 
®The contrast of parents versus crosses 
within sets was not significant (P^O.05) for date 
of heading when the rep. x par. v. crs.(S) sub­
component of the pooled error was used to perform 
an F-test. 
''units were: Date of heading, days after 30 
April: plant height, cm. 
** Significant at the 0.01 probability level. 
heading and plant height accounted for 47 and 61%, respectively, of the 
variability among crosses (Table 6). 
Although Fj heterosis and dominance gene action have been previously 
reported for some quantitatively inherited traits of oat, these genetic 
phenomena are of little practical consequence since oat cultivars are pure 
lines or mixtures of pure lines. This study was not designed to estimate 
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dominance variance (since this has largely dissipated by the 
generation), but it does provide estimates of the importance of non-
2 
additive variance, possibly due largely to o determining these 
traits. If the significant variance of SCA observed in this study is due 
to additive x additive epistasis Influencing expression of these traits, 
applied breeding programs should employ breeding strategies that utilize 
this type of gene action to obtain superior inbred oat lines. 
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CONCLUSION 
General combining ability effects of the parents accounted for most 
of the variability for test weight, grain yield, harvest index, date of 
heading, and plant height among oat matings. Variance of specific 
combining ability effects was significant for all traits, however, and it 
seemed that additive x additive epistatic effects were more important than 
dominance. Preponderance of additive variation, complemented by additive 
X additive epistasis, suggests that pure line cultivars should be 
developed using mild selection pressure in early generations of inbreeding 
to avoid discarding lines before favorable epistatic combinations are 
fixed. 
Cytoplasmic genes did not contribute to variability for, and may not 
be important in determining any of the five traits, with the possible 
exception of grain yield, for which variance of GCAfemales exceeded 
variance of GCAmales. Mid-parent values per se were useful predictors of 
cross means for test weight, harvest index, and plant height, and they 
were of limited value for predicting offspring means for date of heading 
and grain yield. Because the variation among lines within crosses was 
significant for all traits, exceptional inbred lines might be obtained 
from crosses expected to be only good or mediocre. 
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SECTION III. 
CORRELATION OF TEST WEIGHT WITH OTHER TRAITS AND 
GRAIN QUALITY INDICATORS FOR OAT 
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ABSTRACT 
Test weight is a common measure of grain quality for oat (Avena 
sativa L.) and is a selection criterion in most applied breeding programs. 
This study investigated associations of test weight with other traits of 
agronomic importance by evaluating genetically diverse oat populations. 
In 1987, 650 oat lines from 13 biparental matings were evaluated, and 950 
lines from 95 matings were evaluated in 1988. The Fg-s lines were 
grown in randomized complete-block experiments with four replications at 
each of three locations in Iowa. Phenotypic correlations of test weight 
with grain yield generally were positive in both years, and genotypic 
correlations, calculated in 1987, were positive for 11 of 13 populations 
(range of -0.47 to 0.66). Correlations among the grain quality 
indicators, test weight, groat percent, and seed weight, were positive for 
most populations. Oat lines with highest test weight had high grain 
yield, high groat percent, high seed weight, and early to medium maturity. 
Common factors in factor analyses for five oat populations accounted for 
only 37 to 70% of the variability in test weight, indicating that test 
weight to a large extent was determined Independently of the other traits. 
Correlations between test weight and other traits indicate that genotypes 
with high test weight and acceptable values of other traits should be 
attainable. 
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INTRODUCTION 
Associations among plant agronomic traits may enhance or impede the 
development of useful cultivars. When desired traits are strongly and 
favorably correlated, progress from plant breeding is enhanced. 
Alternatively, when desirable and undesirable traits are correlated, 
progress from breeding is impeded. The development of realistic plant 
ideotypes and effective selection strategies must take interrelationships 
between agronomic traits into account. 
Test weight is a common indicator of grain quality for oat (Avena 
sativa L.) in the USA (Stuthman and Granger, 1977; Pomeranz et al., 1979). 
Despite its widespread use, the value of test weight as a measure of grain 
quality is a controversial subject (Stuthman and Granger, 1977; Pomeranz 
et al., 1979; Pawlisch, 1959). Millers, animal nutritionists, and farmers 
define grain quality differently, but because it is easy to measure and no 
alternative trait is widely accepted, test weight persists as a standard 
measure of grain quality for oat. Because it is a common selection 
criterion, knowledge about correlations of test weight with other plant 
and seed traits is of paramount importance to oat breeders. 
Both positive (Murphy et al., 1940; Pawlisch, 1959; Skrdla, 1979; 
Souza and Sorrells, 1988; Pixley, 1990) and negative (McFerson, 1987; 
Souza and Sorrells, 1988) correlations between test weight and grain yield 
have been reported for oat, but positive association seems to be most 
prevalent. McFerson (1987), Souza and Sorrells (1988), Skrdla (1979), and 
Pomeranz et al. (1979) reported that test weight was positively correlated 
with groat percent and seed weight. Test weight is generally negatively 
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associated with days to heading (maturity) (Skrdla. 1979; McFerson, 1987; 
Souza and Sorrells, 1988; Pawlisch, 1959). 
The objective of this study was to determine the directions and 
magnitudes of associations between test weight and other agronomic traits. 
Because correlations between traits depend upon germplasm source, a large 
sample of elite lines and cultivars was evaluated so that results could be 
generalized for adapted or elite oat germplasm. Factor analyses were 
conducted to identify multiple-trait associations. 
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MATERIALS AND METHODS 
Two experiments were conducted for this study. For the first one 
(Exp. I), populations of segregates were developed from 13 biparental 
matings classified as LxL, LxH, HxL, or HxH, according to the test weight 
of parents (L=low, H=hlgh). A population consisted of 50 random Fg.g 
lines. For the second experiment (Exp. II), a Design II mating plan 
(Comstock and Robinson, 1948) with six sets was utilized to intermate 24 
inbred oat lines. Sets were defined as HxH, IxH, HxL, Ixl, Lxl, and LxL, 
on the basis of the test weight of female and male parents, respectively. 
Included in each set (L=low, I=intermedlate, H=high). Each set with four 
females and four males had 16 crosses. Each parent was included in two 
sets, as a female in one and as a male in another. Ten random Fg.g lines 
were evaluated per mating. The ten parents listed in Table 1 were used in 
both experiments. All parents were elite inbreds from midwestern oat 
breeding programs (see Pixley, 1990). 
Evaluations of oat lines in Exps. I and II were conducted in 1987 and 
1988, respectively, in randomized complete-block designs with four 
replications at each of three locations (near Ames, Kanawha, and Nashua, 
Iowa). A plot was a hill sown with 30 seeds, and hills were sown 30 cm 
apart in a square grid pattern. Two rows of hills were sown around the 
replications at a location to provide competition for peripheral plots 
(Frey, 1965). 
Date of heading and plant height were measured at Ames, on four 
replications in 1987 and two replications in 1988. Date of heading for a 
plot was the number of days after 30 April when 50% of the panicles were 
fully emerged from the boot. Plant height was the distance from ground 
Table 1. Test weight, grain yield, date of heading, 200-seed weight, and groat 
percent of 10 Inbred oat lines used as parents In Experiments I and II 
Test Grain Date of 200-Seed Groat 
Name Weight Yield Heading Welght Percent 
1987 1988 1987 1988® 1987 1988® 1987 1988 1987 1988 
kg -3 m Mg ha"! d g % 
B605-1085 436 426 2.83 2.33 34 35 5.6 5. 4 72 73 
Cllntford 438 440 2.71 1.92 29 33 5.8 5. ,8 72 72 
Hamilton 384 382 3.15 2.36 31 32 5.8 5. 9 72 73 
J17-2 424 403 3.68 2.55 36 38 6.2 5. ,7 71 71 
Kelly® 439 448 2.81 2.74 31 33 5.6 5. 5 76 76 
Noble 432 438 2.79 2.25 33 34 5.5 5, ,6 72 72 
Ogle 405 381 3.31 2.80 34 35 6.1 5. 9 74 74 
Otee 423 417 3.05 2.92 32 33 5.1 5. 1 73 74 
Starter 431 434 3.10 2.06 30 33 5.3 5. 4 72 74 
Y933-11-2 428 424 3.35 2.58 30 33 5.7 5. 7 72 73 
^®°0.05 14 24 0.54 0.49 2 1 0.3 0. 4 2 3 
Mean grain yield and date of heading were significantly (P<0.01) different 
In 1988 than in 1987. Means for other traits did not differ significantly 
between years. 
^kelly was not a parent for Exp. I, but was grown as a check in 1987. 
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level to the tips of the panicles, measured two weeks after the last plots 
were headed. 
When mature, the plants in a plot were harvested at ground level, air 
dried, and weighed to obtain biomass yield. Each plot was threshed, and 
grain yield was the weight of threshed grain. Harvest index was 
calculated as grain yield divided by biomass yield, and was expressed as a 
percentage. Next, seeds from neighboring replications at a location were 
bulked and cleaned for each entry. This effectively reduced the number of 
replications from four to two per location, but it provided seed lots that 
were sufficiently large for measuring test weight. Test weight was the 
weight of grain in a level full 78-cc cylindrical container. 
Additional traits, measured only for Exp. I, were 200-seed weight, 
seed number, groat percent, and groat yield. A mechanical seed counter 
was used to count 200 random seeds from each seed lot (bulk of two 
replications for each entry), and these seeds were weighed to obtain 200-
seed weight. Seed number was calculated by dividing grain yield (mean 
yield for the two plots bulked to form a seed lot) by 200-seed weight and 
multiplying by 200. Groat percent was calculated for five populations. 
After mechanically counting 50 random seeds, they were weighed and de-
hulled using a roller that pressed the groat out from the hull. Groat 
percent was the weight of groats divided by the weight of the original 50-
seed sample. Groat yield was grain yield multiplied by groat percent. 
Phenotypic and genotypic correlations between traits were calculated 
based on line means by the formula: 
r = —— 
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2 2 
where Cov^^ is the phenotypic or genotypic covarlance, and a ^ and o are 
the phenotypic or genotypic variance for traits a and b. Because date of 
heading and plant height were measured only at Ames, phenotypic 
correlations between these traits and other traits were based on entry 
means for Ames only. Genotypic correlations of date of heading and plant 
height with other traits were calculated by simple covarlance analyses 
using means for date of heading and plant height at Ames and means for 
other traits at Kanawha and Nashua. 
Associations betweeen traits were also assessed by grouping oat lines 
according to test weight. The 650 oat lines evaluated in Exp. I were 
classified into 15 groups (Tgroups) differing in test weight by 5 kg m ^ 
and ranging from 380 to 450 kg m The 950 lines evaluated in Exp. II 
were similarly classified into 19 Tgroups ranging from 345 to 435 kg m 
Means for other traits were plotted for Tgroups to observe associated 
trends of the various traits relative to test weight (Tgroups). 
Factor analyses were conducted for the five populations of oat lines 
for which the largest number of traits were measured. The analyses were 
performed by the principal component method (Johnson and Wichern, 1988), 
which factors sample correlation matrices. Because date of heading and 
plant height were measured only at Ames, factor analyses were performed 
using correlations among means for all traits at Ames only. The FACTOR 
procedure and VARIMAX factor rotation method of the SAS statistical 
computer package were used for these analyses (SAS Institute Inc., 1985). 
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RESULTS 
Correlations of Test Weight With Other Traits 
Grain yield was positively correlated with test weight for 8 of 13 
populations in Exp. I and for 4 of 6 sets of matings in Exp. II (Table 2). 
A significant (PS0.05) negative correlation between grain yield and test 
weight occurred in one population (Exp. I), and small or negative 
association between these traits seemed to occur in populations with low 
test weight (Table 3). Classification of the oat lines into groups 
according to test weight (Tgroups) showed no consistent relationship of 
grain yield with test weight in 1987, but a positive association between 
these traits was apparent in 1988 (Fig. 2A). 
Phenotypic correlations between test weight and 200-seed weight, test 
weight and groat percent, grain yield and 200-seed weight, and grain yield 
and groat percent were all positive or non-significant (Table 2: Figs. lA, 
IB). Genotypic correlations of test weight with groat percent and with 
200-seed weight also were generally small or positive (Table 3). Except 
for Tgroups K, L, M, and 0, lines with high test weight also had high 
groat percent and high 200-seed weight (Fig. ID). 
Test weight was either Independent from or negatively associated with 
date of heading (Tables 2, 3; Fig. 2). This correlation was more evident 
in 1988 than in 1987. 
Factor Analyses 
Three common factors explained 70 to 76% of the total (standardized) 
variability for the nine traits measured for the five oat populations (see 
Appendix B). The variables included in the analyses, and the average 
Table 2. Summaries of phenotypic correlations for test weight and grain yield with 
various other traits for experiments evaluated in 1987 and 1988 
Nature and probability of significance of the correlation 
Traits g 
Correlated N.S? Positive Negative N.S. Positive Negative 
0.05 0.01 0.05 0.01 0.05 0.01 0.05 0.01 
Number Of Populations (1987) - Number of Sets (1988) -
Test Weight with: 
Grain Yield 4 3 5 1 0 2 1 3 0 0 
Harvest Index 8 3 2 0 0 1 0 5 0 0 
Date of Heading 10 0 0 1 2 0 0 0 1 5 
Plant Height 11 1 1 0 0 4 0 2 0 0 
200-Seed Weight 9 2 2 0 0 
Groat Percent 2 1 2 0 0 
Groat Yield 1 1 3 0 0 
Grain Yield with: 
Harvest Index 3 1 9 0 0 0 0 6 0 0 
Date of Heading 10 1 0 2 0 5 0 0 1 0 
Plant Height 0 1 12 0 0 0 0 6 0 0 
200-Seed Weight 5 5 3 0 0 
Groat Percent 2 2 1 0 0 
Groat Yield 0 0 5 0 0 
^Correlations in 1987 were calculated based on means of 50 lines for each 
population. In general, correlations of magnitude <0.25 were non significant. 
0.25< magnitude <0.4 were significant (P<0.05), and magnitude >0.4 were significant 
at the 0.01 level of probability. 
'^Correlations in 1988 were calculated based on means of 160 lines for each set 
of matings. In general, correlations of magnitude <0.16 were non-significant, 
0.16< magnitude <0.21 were significant (P<0.05), and magnitude >0.21 were 
significant at the 0.01 level of probability. 
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Table 3. Mean test weight and genotypic correlations 
for test weight with other traits for 13 
oat populations from biparental matings 
(Exp. I, 1987) 
Genotypic Correlation of Test Weight With: 
Mean 
Test Grain Date of Plant 200-Seed Groat 
Weight Yield Heading Height Weight Percent 
kg a ® 
438 0.54 -0, .23 -0.06 0. 13 
435 0.61 -0, .48 0.45 0. 39 
431 0.24 -0, .28 0.14 0. 12 
427 0.66 -0 .08 0.18 0. 02 -0, .03 
426 0.32 -0. 26 0.10 -0. 02 
425 0.25 -0, .15 -0.01 0. 35 0, .70 
421 0.58 0, ,03 0.41 0. 03 0. 68 
412 0.57 -0 .16 0.31 0. 35 
407 0.13 -0, .01 0.43 0. 30 0, ,25 
404 0.36 -0 .14 0.02 -0. 37 0, .27 
401 -0.47 -0 .12 0.11 -0. 17 
401 0.12 0 ,07 0.29 -0, 19 
394 -0.16 -0, .12 -0.03 -0. 36 
Figure 1. Relationships of groat percent with grain yield (A), 200-seed weight with 
grain yield (B), seed number with grain yield (C), and 200-seed weight with 
groat percent (D) for oat lines grouped according to test weight, in 1987^ 
Mean test weight for lines in Tgroup A=450, B=445, C=440 0=380 kg m 
NUMBER OF SEEDS GROAT PERCENT 
I to 8 
1—I—I—r 
i . 
m 
a 
I •< 
m 
S 
3 
0). 
s 
§ 
w 
8 i 
1—I—I—I—I 
CJ 
ro 
I 
s 
O 
00 
cJ a 2 
Ul s 
o 
i: 
m 
o 
I 
s 
- ^ 
m 
CD 
200-SEED WEIGHT (g) 
s 
T 
S 
at 
(0 S 
o 
33 
§ 
•0 
5 
S 
w 
2 b 
s 
T—I—r 
o 
T—I—r 
s r-
m 
mo 
b 
200-SEED WEIGHT (g) 
tfl Ol Ul CI p) b) N m (o b 
—I—I—I—I—I—I—I—r 
(O 
<D 
Q 
i 
z 
— « 
m b 
o 
Î 
a DO 
I ui 
29 
66 
3.2 - B 1987 LSOoo5 
V 3.0 
S 
i 2.8 
S 
> 2.6 
Z 
< 
o 2.4 
M 
Du K 
° G GL I M 
En K 
1988 LSDQ gg 
2.2 
32 33 34 35 
90 
E 88 
u 
O 
LU 
L 
74 
N 
1987LSDOO5 B 
c G gL J K 
^ N M 
1988 LSDQ 05 
O P 
Q R 
72 j L 
32 33 34 
DATE OF HEADING (d) 
35 
Figure 2. Relationship of grain yield (A) and plant height (B) with date 
of heading for oat lines classified according to test^weight. 
Tgroups in 1987 were: A=450: B=445; 0=380 kg m_g. 
Tgroups in 1988 were: A=435; B=430; S=345 kg m 
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(mean for the five populations) communality for each trait were: Test 
weight (51%), grain yield (96%), harvest index (46%), date of heading 
(71%), plant height (74%), 200-seed weight (81%), seed number (95%), groat 
percent (42%), and groat yield (96%). Communalities express the 
proportion of the variation for each trait that was explained by the 
common factors included in the model (Johnson and Wichern, 1988). 
The first factor, which explained about 40% of the total variance, 
had large positive loadings (0.89 to 0.98) for grain yield, seed number, 
and groat yield, and smaller positive loadings (0.45 to 0.69) for harvest 
index and/or plant height. The second and third factors explained similar 
amounts of the total sample variance (17.4 and 16.8%, on average), and 
varied between second or third in importance among the five oat 
populations. Test weight and groat percent were positively associated in 
most populations. Other traits which tended to have large loadings for 
the same factor as test weight were harvest index (positive), 200-seed 
weight (positive), and date of heading (positive or negative). The 
remaining factor had large positive loading for 200-seed weight for four 
of the five populations. Traits which tended to have large loadings for 
the same factor as 200-seed weight were date of heading (positive) and 
groat percent (positive or negative). 
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DISCUSSION 
A hot and droughty environment in 1988 caused oat plants to be 
shorter and have lower yield than in 1987 (Table 1; Fig. 2). As might be 
expected, some of the correlations among traits differed in the two years. 
Early maturity was particularly advantageous for oat in 1988 because early 
lines set and filled seeds before high temperatures occurred. Thus, high 
test weight and high grain yield were associated with early maturity in 
1988, but the association between these traits was not clear in 1987 
(Table 2; Fig. 2A). Unlike test weight, grain yield generally is 
positively correlated with later maturity (Payne et al., 1986; McFerson, 
1987; Takeda et al., 1987). 
Test weight and the other grain quality indicators, groat percentage 
and 200-seed weight, generally were positively correlated (Tables 2, 3; 
Fig. ID). This supports the use of test weight as a selection criterion 
to improve grain quality. Because test weight has larger genetic variance 
and herltabillty (Wesenberg and Shands, 1973; Stuthman and Granger, 1977; 
Pixley, 1990), is easier to measure, and has more widespread acceptance as 
a quality standard, it is more practical to select for test weight rather 
than groat percent in oat breeding programs. 
High yielding oat lines in 1987 were of two contrasting types (Fig. 
1). The first type, exemplified by Tgroups A, B, and C, had high groat 
percent, a large number of seeds, high 200-seed weight, and high test 
weight. The second type, exemplified by Tgroups K, L, M, and 0, however, 
had low groat percent, a small to medium number of seeds, very high 200-
seed weight, and low test weight. The small number of seeds, high 200-
seed weight, and low groat percent for Tgroups K, L, M, and 0, suggest 
69 
that oat lines in these groups had fewer secondary and tertiary seeds than 
those in Tgroups A, B, and C. Youngs and Shands (1974) showed that 
tertiary, secondary, and primary oat seeds, respectively, have decreasing 
groat percentages. Oat millers should prefer lines from Tgroups K, L, M, 
and 0, if they produce mostly primary seeds, good grain yield, and have 
acceptable groat percentage. Lines from Tgroups A, B, and C would be more 
desirable for use as animal feed because of their greater groat percent 
and associated higher nutritional value (Crosbie et al., 1985; Pomeranz et 
al., 1979). As long as market value is based upon test weight, however, 
farmers growing oat as a cash crop will prefer varieties with high test 
weight and grain yield, similar to lines in Tgroups A, B, and C. 
The first factor from the factor analyses, which was loaded heavily 
for grain yield, seed number, groat yield, plant height, and harvest 
index, can be seen as a "productivity" factor. Descriptive 
interpretations for factors two and three, however, were not clear. The 
most important result with respect to test weight was the high specificity 
(low communality) of this trait. Test weight, to a large extent, was 
determined independently of the other traits; that is, relationships 
between test weight and other traits generally were moderate and varied 
among oat populations. The large LSDs in Figures 1 and 2 also indicate 
that the other traits had high variability within Tgroups. Moderate or 
favorable correlations between test weight and the other traits indicate 
that genotypes can be selected with high test weight and acceptable levels 
of other traits. 
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GENERAL SUMMARY AND CONCLUSION 
Thirteen populations of Fg.g oat lines from biparental matings were 
evaluated at three locations in 1987. Phenotypic segregation of the lines 
and genetic variance components were estimated for test weight and grain 
yield. The relationship between test weight and grain yield was 
investigated by two approaches: 1) Phenotypic and genotypic correlations 
between these traits were calculated for oat lines from each of the 13 
matings, and 2) oat lines from all of the matings were classified 
according to test weight, and the mean grain yields for the groups were 
computed. 
Transgressive segregation of oat lines occurred in most matings, but 
a larger number of lines were transgressive for low test weight or grain 
yield than for high values of these traits. Frequency distributions of 
oat lines for test weight and grain yield generally were normal, and 
offspring means for these traits were similar to mid-parent values. These 
results suggest that test weight and grain yield are quantitatively 
determined with primarily additive gene action. 
Genetic variation among oat lines was significant (P<0.01) for test 
weight for all matings. Variances arising from genotype x locations 
interaction, however, were generally not significant. Heritablllties for 
test weight, calculated on a line mean basis, ranged from 63 to 91% for 
the 13 oat matings. Data from multiple year experiments showed that 
heritablllties for test weight estimated based upon single-year 
evaluations would be useful despite the confounding by year x location x 
genotype interaction. 
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Phenotypic correlations between test weight and grain yield were 
positive for eight matings, negative for one, and not significant for 
four. High heritability and large genetic variance for test weight, 
coupled with favorable correlation between test weight and grain yield. 
Indicated that breeding high-yielding oats with improved test weight would 
be possible. 
To evaluate the relative importance of additive and non-additive 
genetic effects determining test weight, general and specific combining 
ability effects were measured in a study involving 24 inbred oat lines 
intermated according to a Design II mating plan. Ten random Fg-a 
from each of 95 matings were evaluated at three locations in 1988. 
Variance of GCA and SCA effects also was estimated for grain yield, 
harvest index, date of heading, and plant height. 
Both GCA and SCA effects were significant (P<0.01) for all traits, 
but GCA effects accounted for 75, 85, 82, 72, and 85% of the variability 
among crosses for test weight, grain yield, harvest index, date of 
heading, and plant height, respectively. Because the variance of SCA 
2 2 2 
effects among F lines equals 1/4 o + 1/2 o , and because o seemed 
b • o U AA U 
to be small for these traits, additive x additive epistasis may have been 
the primary gene action causing significant variance for SCA effects. A 
preponderance of additive variation, complemented by significant additive 
X additive epistasis, indicates that for developing pure line cultivars 
mild selection pressure should be used in early generations of inbreeding 
to avoid discarding lines before favorable epistatic combinations are 
fixed. 
74 
Cytoplasmic genes did not contribute to offspring variability for 
test weight, harvest index, date of heading, or plant height, but may have 
been important for grain yield. Thus, either cytoplasmic genes were not 
involved in determining inheritance for these traits, or cytoplasmic genes 
affecting these traits did not vary among the oat lines. This means that 
oat lines could be used either as female or male in matings, without 
consequences to the segregation of offspring (with the possible exception 
of grain yield). Mid-parent values generally were useful predictors of 
offspring means for test weight, harvest index, and plant height, and they 
were of limited value for predicting offspring means for date of heading 
and grain yield. 
Data from both experiments were utilized to evaluate the associations 
of test weight with other agronomic traits. Three methods were used: 1) 
Correlations between pairs of traits were calculated within matings in 
1987, and within sets of matings in 1988, 2) oat lines in each year were 
grouped according to test weight, and the means for other traits were 
computed for test weight groups, and 3) multiple-trait associations were 
examined for five matings in 1987 via factor analyses. 
Because a broad base of germplasm was evaluated, correlations among 
traits often differed in magnitude and/or direction among the oat matings. 
In general, however, test weight was positively associated with grain 
yield, groat percent, and 200-seed weight, and negatively associated with 
date of heading. Factor analyses showed that test weight was independent 
of other traits. This independence of test weight from other traits also 
was shown by large variation for all traits within test weight groups 
(Tgroups). 
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Some of the major findings of this dissertation were: 
1. Large genetic variance, small genotype x location interaction, and 
high heritability were commonly observed for test weight. 
2. Additive genetic effects predominated in determining test weight. 
The ratio of variances for 6CA to SCA effects was approximately 
3:1. 
3. Additive x additive epistasis seemed to be important in 
determining test weight and the other traits, whereas dominance 
variance seemed to be small. 
4. Either cytoplasmic genes affecting test weight were similar among 
the parents, or cytoplasmic genes were not involved in determining 
the inheritance of test weight. 
5. Correlations of test weight with grain yield, groat percent, 200-
seed weight, date of heading, and other agronomic traits were 
generally small and favorable. 
6. Because test weight was not strongly correlated with other traits, 
much variation occurred for most traits among oat lines with 
similar test weights. 
Results of this study indicate that it should be possible to develop oat 
cultlvars with high test weight and desirable levels for other agronomic 
traits. Because SCA effects were significant for all traits, and because 
correlations of test weight with other traits were generally small, mid-
parent values should not be the only criterion for selecting parents to 
intermate in applied breeding programs. 
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APPENDIX A. 
PHENOTYPIC AND GENOTYPIC CORRELATIONS AMONG SEVERAL TRAITS FOR 
THIRTEEN OAT POPULATIONS FROM BIPARENTAL ORIGIN 
Table Al. Means, phenotypic (above diagonal), and genotypic correlations for P oat lines from the 
mating of D226-22-77 x J17-2 (population HLl; high x low test weight;'evaluated at three 
locations in Iowa, in 1987 
Test Grain Harvest 200-seed Seed Date of Plant Groat Groat 
Mean^ Weight Yield Index Weight Number Heading Height Percent Yield 
TW 421 0, ,564*» 0. 362* 0 .109 0 ,545** -0 ,209 0. 291* 0 .521** 0. 588** 
YL 3.07 0 .579 0. 698** 0 .209 0, ,924** -0, ,058 0. 634** 0 .290* 0. 998»* 
HI 0.44 0 .352 0, ,553 -0. ,088 0. ,569»» -0, ,154 0. 361»* 0 .408*» 0. 697»» 
SW 6.22 0 .029 0, ,349 -0. 193 -0. ,122 -0, ,014 0. 335* 0 .028 0. 202 
SN 918 0 .608 0, ,896 0. 659 -0, ,110 -0 .075 0. 431** 0 .401»» 0. 925» 
DH 32 0 .027 -0. 152 -0. 243 0. ,454 -0. ,325 0. 239 -0 .259 -0. 077 
PH 90 0 .412 0, ,438 0. 325 0. ,456 0, ,138 0 .035 0. 626»» 
GP 73.8 0 .682 0. 426 0. 831 -0, ,216 0. ,533 0. ,069 -0. 032 0. 350» 
GY 2.27 0 .615 0. ,999 0. 592 0, ,321 0. ,906 -0 ,143 0. 416 0 .473 
^Units for means are: kg m , for test weight (TW); Mg ha , for grain yield (YL) and groat 
yield (GY): %, for harvest index (HI) and groat percent (GP); g, for 200-seed weight (SW); days after 
April 30, for date of heading (DH); and cm, for plant height (PH). 
Table A2. Means, phenotypic (above diagonal), and genotypic correlations for Fg oat lines from the 
mating of B605-1085 x H893-2 (population HL2; high x low test weight; evaluated at three 
locations in Iowa, in 1987 
Test Grain Harvest 200-seed Seed Date of Plant Groat Groat 
Mean^ Weight Yield Index Weight Number Heading Height Percent Yield 
TW 427 0. 581** 0. 494** 0 .109 0. 542** -0. 253 0 .114 0 .191 0. 577** 
YL 2.75 0. 664 0. 684** 0. 088 0. 947** -0. 175 0, .499** 0 .283* 0. 996** 
HI 45 0. 576 0. 791 0. 057 0. 655** -0. 149 0, .232 0 .262 0. 686** 
SW 5.69 0. 023 0-085 0. 060 -0. 232 0. 305* 0 .019 -0 .059 0. 079 
SN 897 0. 649 0. 951 0. 761 -0, .230 -0. 263 0 .448** 0 .298* 0. 946** 
DH 34 -0. 082 -0. 086 -0. 260 0, .358 -0. 197 0, .019 -0 .040 -0. 171 
PH 87 0. 182 0. 352 0. 090 0, .177 0. 307 0 .031 0. 494** 
GP 73.6 -0. 033 0. 569 0. 364 -0, .384 0. 660 -0. 036 0. 207 0. 365** 
GY 2.02 0. 643 0. 998 0. 789 0, .066 0. 955 -0. 085 0 .360 0 .621 
Units for means are: kg m , for test weight (TW); Mg ha , for grain yield (YL) and groat 
yield (GY); %, for harvest index (HI) and groat percent (GP); g, for 200-seed weight (SW); days after 
April 30, for date of heading (DH); and cm, for plant height (PH). 
Table A3. Means, phenotyplc (above diagonal), and genotyplc correlations for F g oat lines from the 
mating of Ogle x Otee (population LHl; low x high test weight) evaluated at three 
locations in Iowa, in 1987 
Test Grain Harvest 200-seed Seed Date of Plant Groat Groat 
Mean^ Weight Yield Index Weight Number Heading Height Percent Yield 
TW 407 0. 116 -0. 143 0 .299» -0. 077 -0 .056 0. 363** 0 .239 0.150 
YL 2.98 0. 126 0. 440** 0, ,292* 0. 790** -0 .113 0. 592** -0 .001 0.988** 
HI 47 -0. 260 0. 658 -0, 084 0. 478** -0 .068 0. 210 -0 .125 0.414** 
SW 5.51 0. 296 0. 379 -0. 128 -0. 351* 0 .208 0. 378** 0 .219 0.322* 
SN 1008 -0. 103 0. 700 0. 756 -0, .398 -0 .184 0. 377** -0 .129 0.761** 
DH 33 -0. 012 -0. 043 -0. 163 0. ,241 -0. 214 -0. 223 0 .087 -0.100 
PH 87 0. 430 0. 590 0, 142 0, .478 0. 293 0 .057 0.603** 
GP 73.4 0. 248 -0. 017 -0. 344 0, ,209 -0. 161 0 .064 0. 204 0.153 
GY 2.19 0. 165 0. 986 0. 590 0. ,411 0. 665 -0 .036 0. 605 0 .149 
Units for means are: kg m , for test weight (TW); Mg ha , for grain yield (YL) and groat 
yield (GY); %, for harvest index (HI) and groat percent (GP); g, for 200-seed weight (SW); days after 
April 30, for date of heading (DH); and cm, for plant height (PH). 
Table A4. Means, phenotypic (above diagonal), and genotyplc correlations for P oat lines from the 
mating of D623-15 x Noble (population LH2; low x high test weight) evaluated at three 
locations in Iowa, in 1987 
Test Grain Harvest 200-seed Seed Date of Plant Groat Groat 
Mean^ Weight Yield Index Weight Number Heading Height Percent Yield 
TW 404 0.315» 0 .082 -0. 218 0.464** 0. 043 0, .132 0 .297* 0. 348* 
YL 3.00 0. 358 0 .458** 0. ,332* 0.741** -0. 270 0. ,555** 0 .134 0. 986** 
HI 48 0. 001 0.489 -0, .020 0.457** -0. 165 0 .144 0 .142 0. 466** 
SW 5.80 -0. 369 0.443 -0 .056 -0.383** 0. 021 0, .372** -0 ,392** 0. 260 
SN 966 0. 672 0.604 0 .517 -0. ,452 -0. 272 0, .276 0 ,414** 0. 779** 
DH 31 -0. 140 -0.302 -0 .315 0, ,126 -0.405 0, ,264 -0 .123 -0. 276 
PH 85 0. 023 0.342 -0 ,018 0. ,421 0.043 0 .031 0, 533** 
GP 73.2 0. 273 0.098 0 .141 -0. ,524 0.559 -0. 108 -0. ,208 0. 295* 
GY 2.20 0. 395 0.984 0 .502 0. ,342 0.676 -0. 308 0. ,292 0 .277 
^Units for means are: kg m , for test weight (TW); Mg ha , for grain yield (YL) and groat 
yield (GY); %, for harvest index (HI) and groat percent (GP); g, for 200-seed weight (SW); days after 
April 30, for date of heading (DH); and cm, for plant height (PH). 
Table A5. Means, phenotypic (above diagonal), and genotypic correlations for F ^ oat lines from the 
mating of H840-2 x Clintford (population LH4; low x high test weighty'evaluated at three 
locations in Iowa, in 1987 
Test Grain Harvest 200-seed Seed Date of Plant Groat Groat 
Mean^ Weight Yield Index Weight Number Heading Height Percent Yield 
TW 425 0. 332* 0 .190 0 .346* 0 .226 0 .016 -0.126 0 .621** 0 .384** 
YL 2.82 0. 253 0 .558** 0. 354* 0 .927** -0, .048 0.440** 0 .377** 0. 995** 
HI 44 0. 094 0. 600 0 .068 0 .568** -0, .369** 0.066 0 .409** 0, .572** 
SW 5.65 0. 351 0. 439 0 .114 -0 .017 -0. 299* 0.323* 0 .430** 0, .385** 
SN 924 0. 115 0. 916 0 .598 0, .034 0, .067 0.348* 0 .233 0. 909** 
DH 32 -0. 152 -0. 229 -0 .596 0. 204 -0 .297 0.405** -0 .386** -0. 098 
PH 88 -0. Oil 0. 197 -0 .280 0 .466 0 .037 -0 .040 0 .415** 
GP 73.9 0. 704 0. 418 0 .552 0, .439 0 .248 -0. 335 -0.041 0. 467** 
GY 2.09 0. 321 0. 996 0 .626 0. 460 0 .901 -0, .252 0.187 0 .501 
^Units for means are: kg m , for test weight (TW); Mg ha , for grain yield (YL) and groat 
yield (GY); %, for harvest index (HI) and groat percent (GP); g, for 200-seed weight (SW); days after 
April 30, for date of heading (DH); and cm, for plant height (PH). 
Table A6. Means, phenotypic (above diagonal), and genotypic correlations for F 
oat lines from the mating of Clintford x H938-3 (population HL4; hign x 
low test weight) evaluated at three locations in Iowa, in 1987 
Test Grain Harvest 200-seed Seed Date of Plant 
Mean^ Weight Yield Index Weight Number Heading Height 
TW 426 0 .336* 0, ,357* 0.030 0. ,341* 0, ,049 0 .200 
YL 2.53 0 .322 0, ,682** 0.368** 0. ,863** -0, ,174 0 .586** 
HI 40 0 .381 0 .781 -0.008 0 ,727** -0 .411** 0 .135 
SW 5.69 -0 .022 0 .456 0, ,008 -0. ,144 0. 230 0 .428** 
SN 826 0 .356 0 .812 0. 857 -0.148 -0, .258 0 .435** 
DH 35 -0 .262 -0 .284 -0. ,521 0.282 -0. ,427 0 .302* 
PH 88 0 .104 0 .313 0. ,065 0.491 0 ,075 
Units for means are: kg m , for test weight (TW); Mg ha , for grain yield 
(YL); %. for harvest index (HI); g, for 200-seed weight (SW); days after April 30, 
for date of heading (DH); and cm, for plant height (PH). 
Table A7. Means, phenotypic (above diagonal), and genotypic correlations for F 
oat lines from the mating of Y933-11-2 x B605-1085 (population HH3; 
high X high test weight) evaluated at three locations in Iowa, in 1987 
Test Grain Harvest 200-seed Seed Date of Plant 
Mean® Weight Yield Index Weight Number Heading Height 
TW 431 0 .260 0 .002 0.167 0 .229 -0. ,119 0 .073 
YL 3.26 0. 244 0 .425** 0.417** 0 .908** -0, ,338* 0 .557** 
HI 48 -0. 227 0 .806 0.340* 0 .307* -0, ,173 0 .112 
SW 5.59 0. 124 0 .483 0 .733 0 .003 0. ,085 0 .450** 
SN 1080 0. 230 0 .892 0 .492 0.030 -0, ,395** 0 .434** 
DH 33 -0. 277 -0 .188 0 .010 -0.038 -0 .196 -0 .198 
PH 88 0. 139 0 .447 0 .034 0.354 0 .320 - — — 
Units for means are: kg m , for test weight (TW); Mg ha , for grain yield 
(YL); %, for harvest index (HI); g, for 200-seed weight (SW); days after April 30, 
for date of heading (DH); and cm, for plant height (PH). 
Table A8. Means, phenotypic (above diagonal), and genotyplc correlations for Pg 
oat lines from the mating of B605-1085 x Clintford (population HHl; 
high X high test weight) evaluated at three locations in Iowa, in 1987 
Test Grain Harvest 200-seed Seed Date of Plant 
Mean^ Weight Yield Index Weight Number Heading Height 
TW 438 0 .530** 0. ,549** 0 to
 
M
 0)
 
0, 456** -0. 087 -0.110 
YL 2.83 0. ,543 0, ,669** 0 .263 0. ,922** -0. 255 0.329* 
HI 45 0. ,657 0 .777 -0 .011 0 .688** -0. 470** -0.015 
SW 5.82 0. 134 0 .281 -0. 052 -0, .126 0. 173 -0.053 
SN 903 0, 488 0 .907 0, .823 -0 .154 -0. 301* 0.334* 
DH 32 -0. 231 -0 .299 -0. 462 0 .225 -0. 414 0.315* 
PH 85 -0. 055 0 .121 0, ,038 0 .117 0, .086 
Units for means are: kg m . for test weight (TW); Mg ha , for grain yield 
(YL): %, for harvest index (HI); g, for 200-seed weight (SW); days after April 30, 
for date of heading (DH); and cm, for plant height (PH). 
Table A9, Means, phenotyplc (above diagonal), and genotypic correlations for Fg 
oat lines from the mating of Porter x Y933-11-2 (population HH2; 
high X high test weight) evaluated at three locations in Iowa, in 1987 
Test Grain Harvest 200-seed Seed Date of Plant 
Mean^ Weight Yield Index Weight Number Heading Height 
TW 435 0. ,523** 0. 109 0.391** 0.240 -0, .455** 0 .268 
YL 3.54 0. 610 0. 455** 0.118 0,850** -0. 338* 0 .548** 
HI 47 0. 065 0, .494 -0.400** 0.604** -0. 122 0 .019 
SW 6.11 0. 392 0. 155 -0. 509 -0.415** 0. 081 0, .332* 
SN 1078 0. 262 0. ,808 0. 715 -0.455 -0, .334* 0 .343* 
OH 32 -0. 484 -0. 214 -0. 190 0.018 -0.186 -0. 086 
PH 90 0. 446 0. 493 0. 105 0.397 0.236 
Units for means are; kg m , for test weight (TW): Mg ha , for grain yield 
(YL); %, for harvest index (HI); g, for 200-seed weight (SW); days after April 30, 
for date of heading (DH); and cm, for plant height (PH). 
Table AlO. Means, phenotypic (above diagonal), and genotyplc correlations for P 
oat lines from the mating of Starter x H811-3 (population HL3; high x" 
low test weight) evaluated at three locations in Iowa, in 1987 
Test Grain Harvest 200-seed Seed Date of Plant 
Mean® Weight Yield Index Weight Number Heading Height 
TW 412 0. 492** 0, .176 0 .363** 0 .360** -0, 293* 0 .197 
YL 3.13 0. 571 0, .264 0 .445** 0. ,858** 0, ,058 0 .694** 
HI 47 0. 183 0. 161 -0 .160 0, ,392** -0, ,213 0 .206 
SW 5.68 0. 346 0. 562 -0. ,292 -0, ,076 -0. ,050 0 .491** 
SN 1018 0. 429 0. 800 0, .435 -0 .055 0, ,083 0 .495** 
DH 32 -0. 157 0. 145 -0, ,193 0 .297 -0, ,012 0 .083 
PH 87 0. 314 0. 446 -0. ,106 0 .537 0, ,202 
Units for means are: kg m , for test weight (TW); Mg ha , for grain yield 
(YL): %, for harvest index (HI); g, for 200-seed weight (SW); days after April 30, 
for date of heading (DH); and cm, for plant height (PH). 
Table All. Means, phenotyplc (above diagonal), and genotyplc correlations for F 
oat lines from the mating of D623-15 x Otee (population LH3; low x 
high test weight) evaluated at three locations in Iowa, in 1987 
Test Grain Harvest 200-seed Seed Date of Plant 
Mean^ Weight Yield Index Weight Number Heading Height 
TW 401 -0 .287* -0 .054 -0 .113 -0 .143 -0. ,156 0.200 
YL 3.19 -0. 470 0. ,259 0 .309* 0 .595** -0. 007 0.401** 
HI 47 -0. 038 0 .354 -0 .065 0 .271 -0, ,328* 0.175 
SW 5.51 -0. 174 0 .401 -0, .024 -0 .576** 0. 203 0.418** 
SN 1075 -0. 212 0 .431 0. ,319 -0 .653 -0. 154 0.049 
DH 31 -0. 115 -0 .102 -0. 335 0 .318 -0 .344 0.169 
PH 86 0. 113 0 .226 -0, ,027 0 .469 -0 .145 - — — 
Units for means are: kg m , for test weight (TW); Mg ha , for grain yield 
(YL): %, for harvest index (HI); g, for 200-seed weight (SW); days after April 30, 
for date of heading (DH); and cm, for plant height (PH). 
Table A12. Means, phenotypic (above diagonal), and genotypic correlations for F 
oat lines from the mating of D623-15 x J17-2 (population LLl; low x 
low test weight) evaluated at three locations in Iowa, in 1987 
Test Grain Harvest 200-seed Seed Date of Plant 
Mean^ Weight Yield Index Weight Number Heading Height 
TW 401 0 .144 0 .099 -0 .112 0 .203 -0 .421** 0.040 
YL 3,32 0. ,115 0, .356* 0 .288* 0. 741** 0. ,367** 0.529** 
HI 46 0. 091 0 .323 -0 .092 0 .427** -0, .055 0.024 
SW 6.27 -0, 188 0 .313 -0. 115 -0, .424** 0, .106 0.163 
SN 992 0, .232 0 .690 0, .449 -0 ,473 0. 273 0.388** 
DH 30 0. ,070 0 .521 -0, .272 0 .314 0. 274 0,498** 
PH 88 0. 290 0 .349 -0. 100 0 .260 0, .155 
^Units for means are: kg m , for test weight (TW): Mg ha , for grain yield 
(YL); %, for harvest index (HI); g, for 200-seed weight (SW); days after April 30, 
for date of heading (DH); and cm, for plant height (PH). 
Table A13. Means, phenotypic (above diagonal), and genotyplc correlations for P ^ 
oat lines from the mating of H840-2 x Ogle (population LL2; low x 
low test weight) evaluated at three locations in Iowa, in 1987 
Test Grain Harvest 200-seed Seed Date of Plant 
Mean^ Weight Yield Index Weight Number Heading Height 
TW 394 -0 .041 0 .332* -0. 164 0. 040 -0. ,061 0.204 
YL 3.16 -0.160 0 .263 0. 244 0. 884** -0. ,177 0.361** 
HI 47 0.314 0 .132 -0. 165 0. 349* -0, ,310* -0.042 
SW 6.10 -0.360 0 .305 -0 .283 -0. 233 0. ,180 0.136 
SN 966 0.027 0 .876 0 .305 -0. 198 -0, ,283* 0.274 
DH 34 -0.121 0 .121 -0 .237 0. 237 0. 037 0.488** 
PH 87 -0.032 0 .270 -0 .078 0. 128 0. 209 - — — 
Units for means are: kg m , for test weight (TW); Mg ha , for grain yield 
(YL): %, for harvest index (HI); g, for 200-seed weight (SW); days after April 30, 
for date of heading (DH); and cm, for plant height (PH). 
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APPENDIX B. 
ESTIMATED FACTOR LOADINGS FOR NINE VARIABLES INCLUDED IN FACTOR 
ANALYSES OF FIVE OAT POPULATIONS FROM BIPARENTAL ORIGIN 
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Table B1. Estimated and rotated estimated factor loadings for analyses 
of nine variables for five oat populations evaluated at Ames, 
Iowa, in 1987 
Estimated Factor 
Loadings^ 
Rotated Estimate^ 
Factor Loadings 
Variable Mean° F1 F2 F3 F1 F2 F3 ality 
Population HLl: 
TWT 429 0.56 -0.34 0.09 0 .41 0.52 0.03 0.44 
GYLD 3.96 0.96 0.14 -0.09 0 .95 0.18 0.08 0.94 
HI 0.45 0.41 -0.47 0.01 0 .25 0.56 -0.11 0.38 
DHD 32.4 -0.12 0.78 -0.22 0 .16 0.80 0.07 0.68 
PHT 90 0.63 0.54 0.22 0 .69 -0.20 0.47 0.73 
200SW 6.22 0.12 0.31 0.89 -0 .01 0.04 0.94 0.89 
SDNUM 1187 0.90 0.01 -0.39 0 .93 0.18 -0.24 0.97 
GT% 75.0 0.38 -0.37 0.44 0 .15 0.59 0.31 0.47 
GTYLD 2.97 0.97 0.10 -0.05 0 .94 0.23 0.11 0.94 
Cummulative Var. 
Explained (%) 41 58 72 39 57 72 
Population HL2; 
TWT 440 0.44 0, ,02 0 .71 0.23 0.08 0.80 0, ,70 
GYLD 3.56 0.96 0, ,14 -0 .09 0.95 -0.10 0.19 0, ,94 
HI 0.46 0.65 0, ,12 0 .13 0.60 0.00 0.31 0. ,46 
DHD 34.1 -0.30 0, .68 -0 .26 -0.02 0.66 -0.44 0 ,62 
PHT 86 0.55 0, ,39 -0 .30 0.69 0.18 -0.17 0, ,54 
200SW 5.86 -0.24 0. 79 0 .39 -0.10 0.89 0.18 0, ,84 
SDNUM 1133 0.95 -0, ,14 -0 .21 0.89 -0.39 0.12 0, ,97 
GT% 73.9 0.22 -0, ,13 0 .46 0.04 -0.07 0.52 0, ,28 
GTYLD 2.63 0.96 0, ,13 -0 .04 0.93 -0.11 0.24 0 ,94 
Cummulative Var. 
Explained {%) 43 58 70 39 55 70 
^The principal component method was used to estimate factor loadings. 
''Factor rotations were done by the VARIMAX method. 
^tnits for means of the variables were: kg m for test weight 
(TWT); Mg ha , for grain yield (GYLD) and groat yield (GTYLD); %, for 
harvest index (HI) and groat percent (GT%); days after 30 April, for date 
of heading (DHD); cm, for plant height (PHT); g, for 200-seed weight 
(200SW); and number of seeds per plot, for seed number (SDNUM). 
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Table Bl. (Continued) 
Variable Mean® 
Estimated Factor 
Loadings 
Rotated Estimated 
Factor Loadings 
Commun-
ality F1 F2 F3 F1 F2 F3 
Population LH2: 
TWT 421 0.36 —0.06 0.55 0.29 -0.30 0.51 0.44 
GYLD 3.72 0.93 0.27 -0.14 0.98 0.08 -0.03 0.96 
HI 0.47 0.64 -0.19 0.08 0,58 -0.35 0.04 0.46 
DHD 31.3 -0.29 0.31 0.80 -0.29 0.13 0.85 0.82 
PHT 85 0.48 0.72 0.25 0.60 0.49 0.47 0.82 
200SW 5.83 -0.14 0.84 -0.33 0.07 0.91 -0.06 0.84 
SDNUM 1193 0.92 -0.24 0.04 0.84 -0.45 -0.01 0.91 
GT% 73.7 0.47 -0.44 O.OR 0.35 -0.54 -0.05 0.42 
GTYLD 2.74 0.96 0.19 -0.13 0.98 -0.01 -0.04 0.97 
Cummulatlve Var. 
Explained (%) 41 61 74 40 60 74 
Population LH4: 
TWT 433 0.21 -0.45 0.35 -0.07 0.01 -0.04 0.37 
GYLD 3.49 0.94 0.27 -0.13 0.97 0.17 0.10 0.98 
HI 0.45 0.63 -0.42 -0.09 0.45 0.51 -0.34 0.58 
DHD 31.6 -0.18 0.71 0.45 -0.08 -0.29 0.81 0.74 
PHT 88 0.44 0.54 0.58 0.38 0.19 0.80 0.82 
200SW 6.06 0.50 -0.43 0.56 0.13 0.84 0.14 0.74 
SDNUM 1068 0.81 0.44 -0.35 0.97 -0.13 0.06 0.97 
GT% 74.7 0.52 -0.60 0.10 0.24 0.70 -0.32 0.64 
GTYLD 2.61 0.97 0.18 -0.12 0.96 0.25 0.06 0.98 
Cummulatlve Var. 
Explained (%) 41 63 76 36 59 76 
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Table Bl. (Continued) 
Estimated Factor Rotated Estimate^ 
Loadings^ Factor Loadings 
Commun-
Variable Mean^ F1 F2 F3 F1 F2 F3 ality 
Population LHl: 
TWT 419 0.10 0.59 -0 .48 -0.08 0.76 0.10 0, ,59 
GYLD 3.67 0.97 -0.01 0 .11 0.97 0.16 -0.01 0, ,96 
HI 0.46 0.60 -0.10 0 .23 0.65 -0.08 0.03 0, ,43 
DHD 33.0 -0.22 0.19 0 .78 -0.05 -0.47 0.69 0, ,70 
PHT 87 0.67 0.52 -0 .28 0.52 0.71 0.14 0, ,80 
200SW 5.60 0.01 0.83 0 .20 -0.04 0.42 0.74 0, ,73 
SDNUM 1225 0.89 -0.39 0 .03 0.91 -0.05 -0.33 0, ,94 
GT% 73.9 -0.02 0.46 0 .30 -0.01 0.09 0.54 0, ,30 
GTYLD 2.71 0.97 0.05 0 .15 0.96 0.17 0.07 0. ,96 
Cummulatlve Var. 
Explained (%) 40 59 71 38 55 71 
